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Matthias,   Judson  StllLmrji,  Fh.   D.,  Purdue  Universibyj    August  1967. 
Hec reation."  1   Ir.y--ct  of  I.'iilti-rTiirposg  f^servoirs.     Major  Professor: 
''illi-"Ei  L.    Grecco, 

This  thesis  reports  the  results  of  a  study  concerned  vrith  the  develop- 
nent  of  a  model  that  can  be  used  to  predict  recreational   trips  to  ne*; 
reservoirs  in  Indiana. 

The  Model  developed  utilizes  only  ro"-d  dist.'^.nce,  couiity  population, 
and  the  inflaence  of  other  similar  facilities  as  the  parameters  affecting 
attendance.     A  tecluiique  vjas  de\'«loped  illustrating  how  the  model  can  be 
used  to  predict  fatui^  attendance  and  traffic  volomes. 

Three  padcs,    Tipccoon  State  Recreation  Area  on  Ifensfield  lieservolr, 
lieber  State  Park  on  Cagles  Mill  Fjeseivoir,  and  Konroe  State  Pari:  on 
Konroe  Reservoir  were  used  in  tlie  study.     Data  vere  collected  by  conduct- 
ing intervievs  of  twenty-five  percent  of  arriviiig  trips  at  the  park 
entrarices.     Over  13,000  interviews  were  conducted  over  a  two  ye'ir  period. 
Yearly  distributions  of  trips  by  trip  purpose  and  frequency  were  investi- 
gated. 

Tlie  prediction  iivDdel  was  developed  by  using  non-lines r  regression 
analysis  to  determine  the  parameters  of  distance,  population  and  the 
influence  of  other  parks.     Two  equations  were  developed,  one  for  the 
condition  where  ther-e  is  no  other  park  closer  to  a  county  than  the  park 
ujider  consideration  and  the  other  for  the  condition  where  there  is 
another  park  closer  to  a  county  than  the  park  under  consideration. 
Together,   the  two  equations  constitute  the  prediction  model. 


INTRODUCTION 

The  control  and  use  of  water  resources  is  and  will  continue  to  be 
of  major  importance  to  the  economic  life  of  the  United  States.  KLood 
control,  irrigation,  and  hydro-electric  power  were  originally  the  three 
purposes  considered  in  the  cost  analysis  for  justification  of   the  con- 
struction of  dams  and  their  resulting  reservoirs.  Ifcwever,  not  until 
recent  years  have  the  recreational  benefits  been  generally  included  in 
the  economic  analysis  or  even  recognized  as  an  economic  factor. 

Recreation  is  now  recognized  as  big  business  in  this  country.  A 
substantial  portion  of  the  Gross  National  Product  is  devoted  to  recrea- 
tional pursuits  in  all  areas  of  the  nation. 

Traffic  patterns  have  changed  because  of  the  proportionate  increase 
in  personal  expenditures  for  recreational  purposes.  Many  rural  liighway 
sections  serving  recreational  facilities  now  carry  their  peak  travel 
loads  on  weekends. 

The  development  of  the  future  highway  network  must  take  into  account 
the  traffic  generating  abilities  of  a  recreational  paric  on  a  reservoir. 
A  recreational  facility  is  of  little  value  without  access.  On  some 
routes,  peak  volumes  result  from  trips  made  for  recreational  purposes. 

On  many  routes,  weekend  traffic  volumes  exceed  the  weekday  volumes  and 

(l)  * 
the  increase  is  due  mainly  to  recreational  travel   . 

Future  highway  planning  must  take  into  consideration  the  traffic 

generating  capabilities  of  this  type  of  recreational  facility.  There 
_ 

Numbers  in  parentheses  refer  to  entries  in  the  List  of  References. 


is  no  point  in  having  a  well  developed  paric  that  is  difficult  to  reach: 
the  public  will  not  go  to  such  a  pari:  in  numbers  great  enough  to  pi^perly 
utilize  the  investment  made  in  developing  the  paiSc, 

Water  is  a  recreational  magnet  and  vrLll  attract  large  murtbers  of 
people  for  recreational  purposes.     Tlie  multi-purpose  dams  and  their 
reservoirs  are  therefore  natural  recreational  attractions  and  consequently 
traffic  generators.     The  recreational  potential  of  a  reservoir  cannot  be 
fully  utilized  unless  transportation  planning  coincides  vn.th  reservoir 
developanent  plans  so  that  an  adequate  transportation  system  is  available 
as  the  recreational  demand  grows.     The  agencies  responsible  for  planning 
must  have  some  means  of  detenrdning  demand  prior  to  construction  so  that 
the  best  use  can  be  made  of  the  available  resources  of  land  and  money.      At 
the  present  tir.e,  little   factual  infomation  is  available  tliat  can  be  used 
by  planners  to  estimate   the  recreational  demand.     Many  reservoir  sites 
are  locj-ted  In  areas  with  poor  existing  transport  it  ion  facilities. 
Usually  existing  roads  were  designed  for  i-ural  traffic  of  low  volxonesj 
and  as  such  these  roads  cannot  begin  to  accoraaodate  the  traffic  generated 
by  a  reservoir  and  its  attendant  i^creational   facilities. 


FUHPOoi:  a:;d  sccfs 

The  flood  control  projects  that  hsvo  been  v.nd  are  being  developed 
within  tlie  St^-to  of  Indinn?,  have  produced  and  will  produce  nany  reser- 
T'oirs  which  are  sxiitable  Tor  recreational  purposes   (see  Fi^are  l).     The 
State  Cepartment  of  Natural  resources  is  responsible  for  the  develojMnent 
and  opera.tion  of  recreational  facilities  rt  such  reservoirs.     Vczy  little 
infomation  is  available  for  plarniing  recrea.tional  fa.cilities  at  reser- 
voirs.    I'o  one  can  accur;Ately  say  ho-r  sites  are  needed  to   satisfy  the 
denajid  for  recreation  in  a  given  area.     '.To  one  knows  what  effect  a 
rGser''/oir  park  !ias  on  "ttenc"  iice  ^t  cnothcr  park  in  the  sajne  general 
area. 

?}ie  Lidiana  Department  of  yctural   Hpsonrces  ea.rly  in  1?65  asked 
the  Joint  liiglmsy  Research  Fx'ojcct  ^t  r;irdi:e  University  to  conduct  a 
research  pir)~ra:i  that  -ToitLd  devclor  irforriation  that  co-'old  be  used  as 
tool 3  for  planning  recreational  developnei'its  at  future  reservoir  sites, 
Tliree  reser'rairo  '..'ere  suggested  for  study,   two  had  been  in  opejT.tion  for 
several  years  and  the   tJiirci  was  in  the  piTjcess  of  being  opened  for  public 
use  although  few  fai-cilities  \^erc  available.     Tne  two  developed  parks  are 
Lieber  State  Park  on  Gagles  Mill   leservoir  and  Hcaccoon  State  ."lecreatlon 
Area  on  Itansfield  Iteservoir.     The  tiiird  r^ark  is  located  on  I'bnroe 
Heservodr. 

A  proposed  research  program  was  sabnitted  to   the  Joint  .ligh^ray 
llesearch  Board,   funding  for  the  project  vras  provided  by  the  Bureau  of 
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Public  Boads  of  the  U.  S.  Depai-tment  of  Transportation  and  the  Indiana 
State  Highway  Commission  through  the  Joint  Highway  Research  Project. 
The  purpose  of  the  research  is  to  develop  a  method  that  can  be  used  to 
predict  recreational  attendance  at  planned  reservoirs  based  on  the 
characteristics  of  the  recreational  facilities^  population,  the  distance 
from  population  centers  to  the  planned  reservoir,  and  the  influence  of 
other  reservoirs  in  the  vicinity  of  the  planned  reservoir.  The  deter- 
mination of  the  growth  patterns  of  attendance  at  nev;  facilities  as 
compared  to  established  reservoirs  is  a  secondaiy  objective. 

The  paric  facilities  at  the  reservoirs  are  similar  in  type.  Boat 
launching  ramps  at  various  locations  around  the  reservoirs  are  provided; 
five  at  Raccoon J  two  at  Cagles  Mill,  and  nine  at  Monroe.  Each  boat  ramp 
is  provided  with  paved  roads,  appropriate  parl<ing  area,  and  usually  pic- 
nic grounds.  These  ramps  may  or  may  not  be  located  in  the  main  park. 

Raccoon  and  Cagles  Mill  each  have  one  beach  several  hundred  feet 
long.  Swimming  is  permitted  only  at  the  beaches  which  have  adequate 
life  guard  personnel  and  control  equipment  as  well  as  diving  boards  and 
bath  houses.  Konroe  has  or  will  have  two  beaches  operated  by  the  State 
of  Indiana  and  one  operated  by  the  U.  S.  Forest  Service.  All  are  similar 
to  the  ones  at  Raccoon  and  Cagles  rtlll. 

V/ithin  the  main  paric  at  Raccoon  and  Cagles  >EL11  are  located  the 
camp  grounds,  beaches,  concession  stands, boat  rentals,  picnic  areas, 
and  bathhouses.  There  are  hiking  trails  available.  In  general,  each 
park  is  well  kept  by   personnel  who  know  and  take  pride  in  their  work. 
The  recreational  facilities  available  at  each  park  are  similar  and  it 


is  difficult  to  visualize  what  additional  types  of  facilities  would  be 
usefuj.  at  this  type  of  park. 

The  need  for  outdoor  recreational  areas  can  only  increase.  The 

Mdvrest  as  a  region  has  29  percent  of  the  population  of  the  U8  contiguous 

(o) 
states,  but  only  12  percent  of  the  recreational  acreage    .  The  use  of 

flood  control  reservoirs  for  recreational  purposes  can  provide  a  sub- 
stantial portion  of  the  needed  public  recreational  areas  and  eveiy 
effort  should  be  made  to  utilize  such  areas  in  the  most  efficient  manner 
for  the  benefit  of  the  public. 

Proper  utilization  of  these  facilities  will  require  an  adequate 
higlway  system.   Hie  purpose  of  this  research  was  to  provide  a  simplified 
method  for  estimating  future  trr.ffic  voliunes  for  new  facilities  of  this 
type. 


\ 
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RELATED  WORK 

One  of  the  more  interesting  developments  of  society  in  the  years 
folloT-Jong  World  War  II  has  been  the  large  increase  in  travel  for  out- 
door recreational  purposes.     Tlie  Outdoor  Recreation  Resources  Review 

Commission  has  published  a  lengthy  and  detailed  analysis  of  present  and 

(2) 
future  outdoor  recreation  in  the  United  States 

The  main  report  and  its  27   study  reports  are  an  excellent  source  of 
infomation  on  current  and  future  recreation  needs  as  well  as  the 
characteristics  of  the  population  that  utilizes  outdoor  recreation.     The 
report  shows  the  patterns  of  the  denand  for  outdoor  recreation  in  terns 
of  type  of  recitation,   age  of  population,   econoinics,   and  other  factors. 
Tlie  study  also  lists  the  locations  of  recreational  resources,   areas 
where  more  facilities  are  needed,   and  those  activities  vrliich  are  nost 
popular. 

The  entire  report  is  an  excellent  source  of  background  material; 
however,   for  a  detailed  report  on  a  specific  problem  such  as  thi.s  research, 
it  does  not  contain  the  type  of  infonaation  that  is  readily  convertible 
into  trip  generation  data. 

I-lar^r  other  reports  such  as   "The  Automobile  and  Recreation"  by 

Lovelace,   point  out  the  necessity  for  planning  recreational  facilities 

(3) 
and  the  need  for  coordinated  transportation  and  recreational  planning 

There  are  few  reports  that  have  specifically  dealt  vjith  the  problem  of 

forecasting  trips  to  a  type  of  recreational  park  such  as  a  reservoir  lake. 


Population  giDvth  is  responsible  for  some  of  the  increase  in  out- 
door recreational  travel  but  it  cannot  account  for  all  of  it.     The  grovrt.h 
of  the  population  alone  ml"]    cause  a  large  increase  in  the  nunber  of 
recreation  trips  even  if  thei-e  is  no  groTrth  in  the  recreation  trip  rate 
due  to  other  factors.     Most  population  projections  indicate  that  the 
popiilation  of  the  United  States  will  approximately  double  vithin  the 
next  ho  years.      If  all  other  factors  remain  constant,   and  this  is  an 
assumption  that  appears  nost  unlilcely,    the  number  of  recreation  trips 
'.Till  also  double  with  the  same  {growth  rate  as   the  population  growth  rate. 

Persona],  income  is  another  factor  that  affects  recitation  trips. 
Tliis  factor  has  also  shoi-m  a  steady  rate  of  growth  in  the  last  20  years. 
A  growth  in  personal  income  means  a  corresponding  growth  in  the  amount 
of  income   thrt  is  available  for  ixicreation  or,   in  other  woixis,   a  gix)wth 
in  the  amoujit  of  disposable  income,   some  of  which  is  devoted  to  recrea- 
tion.    People  are  spending  money  for  reci'eational  equipment  as  never 
befoi'e.      Tlie  growing  n\imber  of  pleasure  boats,    campiJig  tixdlers,    tents, 
and  related  iteias  is  clenr  evidence  of  increasing  consumer  inlcrcct  in 
raitdoor  recreation  ;ind  of  the  increasing  mccJis  available  for  I'eci^ation. 

Tlie  time  available  for  recreation  is  also  increasing.      Tlie  length 
of  the  work  week  is  decreasing;   around   the  turn  of  the  century'  the 
average  work  vreek  was  about  60  hours,   by  l!/60  the  a\-err.gc  had  fallen  to 
iiO  hours  and   the   ti^nd  towaixi  even  sliorter  work  vrceks     contiimcs.      I!uch 
of  the  time  saved  from  the  decrease  in  working  hours  is  devoted  to 
i^creational  pursuits.     Of  course,   not  all  leisure  time  is  de\'otec'   to 

outdoor  i-eci'eation  but  at  least  one-fifth  is  and  there  is  no  i-eason  to 

(2) 
suspect  that  this  relationship  will  decrease  in  the  future   ^     .     In  fact. 


as  the  available  leisure  time  increases,  more  of  the  leisure  time  vriJl 
probably  be  devoted  to  outdooi'  recreation  and  longer  trips  vrLll  be 
possible. 

The  automobile  has  had  an  iinpact  on  recreational  travel.     The  num- 
ber of  passenger  cars  estimated  for  1576  is  100,000,000^  nearly  80  per- 
cent  more  than  the  nuiiber  available  in  19^2   ^''.     The  mobility  of  the 
population  is  increasing  and  as  a  result,   more  people  with  more  money 
buy  more  cars  and  spend  more  money  for  7-ecreation.     The  increasing 
improvements  to   the  hi;^hway  netxrorks  by  means  of  such  progi^-ms  as   the 
Interstate  Kiglway  System  vol],  provide  quicker  access  to  more  areas 
for  more  of  the  population.     As  a  consequence,   longer  trips  inJLl  be 
possible  in  the  same   tiir.e  space  as  is  required  for  today's  trips.     This 
means  that  a  recreational  trip  rnMl  be  able  to  reach  more  reci-Botional 
areas  than  ever  before.      Pascreational   tirlps  will  become  more  frequent 
and  of  longer  duration. 

Unfor^-'onately,   the  amount  of  infomuition  available  for  recreational 
plarming  is  not  adequate.     Tliere  is  a  need  for  a  relatively  simple, 
accurate  method  that  can  be  used  to  predict  attendance  at  a  recreational 
site  before  tiie  facility  is  built.      The  need  for  information  on   the 
growth  rfite  of  recreational   trips  to  a  particular  type  of  recreational 
area  is  needed. 

Sinith  and  Landr.ian  developed  a  gravity  type  distribution  model  and 
an  opportunity  type  distribution  model  to  predict  attendance  at  reser- 
voirs in  Kansas       \     These  models  require  the  use  of  an  equation  to 
predict  county  tilp  production  based  on  several  socio-economic  factors 
as  we!LL  as  reservoir  and  distance  characteristics.      Tlie  form  of  the 
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gravity  model  used  by  anith  and  Lciidnian  is: 


T.  .   =  P.    A.  F(d.  .)  K.  . 


A_    F(d.T  )  K.^    +   +  A     F(d.    )  K. 

^      ^  il'^     il  n     ^  in'^     1 


i.'here       T.  .  =  nunber  of  trips  fron  county  1  to  reservoir  j 

P.  =  total   tilps  produced  by  county  i 

A.  =  total   trips  attracted  by  reservoir  j 

d.  .  =  spatial   (distance)  separation  of  county  i  and  i-eservoir  j 

F(d.  .)  =  an  eripirically  derived  distance  factor 

K. ..  =  county  to  i-^servoir  adjustment  factor  (assumed  to  be  unity) 

Tlie  form  of  the  opportunity  model  used  is: 

l/laere       e  =  base  of  natursl  logaritlins 

L  =  neasujre  of  probability  that  a  random  destination  will 
satisfy  the  needs  of  a  particular  trip 

A  =  sun  of  destinations  already  considered. 


The  problen  of  finding  tiie  proper  '"L"  value  vras  solved  by  deter- 
mining the   ''L"  value  i^uired  to  repix»duce  one   trip  interchange  between 
one  county  and  one  reservoir.      Subsequent  values  of  'L"  were  found  by 
iterative  tecliniques.     Both  the  gravity  models  and  the  opportunity  models 
require  a  balancing  procedure  in  order  t-o  distribute  the  trips. 

Trip  ends  for  a  county  \ieve  produced  by  means  of  the  folloTiri_ng 
multiple  regression  estimating  equation: 
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y  =  772.8851i6  -  12.12Uii83(llA)  -  0.08696l7(lff'I) 

-  0. 0025965 (RS)  -  O.Ol6l7it7(UFMAr    D^  '■^'^) 

-  0.015977(UP  KS^D^  ~-^'')  -  0.013023l(UP  NS.  D^  "■'■•') 

-  507.9281iiKA^  XD^  -1.5)2  _  1561, 0105 (A^  D^  "^•^) 
ll|06.1h3lj(A^  D^  "^•^). 

With  R^  =  0.9386 

where      MA  =  median  age  of  the  county  population 

MFI  =  median  family  income 

R3  =  retail  sales  in  thousands  of  dollars 

UP  =  urban  popul  b tion 

MS  =  miles  of  shoreline  of  reservoir  x 

A^  -   area  in  square  irales  of  reserv'oir  x 

D  =  dogleg  distance  to  reservoir  x 

X  =  subscript  denoting  first,  second,  or  third 
closest  reservoir. 

An  equation  for  estLmating  the  trips  attracted  to  a  reservoir  is 

as  follows: 

Y^^^  =  10.25U350  +  0.09211 9760 (Picnic  Grills) 

+  0.5^573830   (Area  in  Square  miles  of  summer  pool 

level)   +  O.I33I1786I    (Itoad  Development  factor) 

+  O.O3987I133O  (Population  within  50  miles) 

+  0.028132290   (Population  in  the  50-100  mile  range), 

R^  -  0.9637 

l^en  y  =  trip  ends  to   the  reservoir 

D„jn       T  4.--1.  S(Kx  miles  of  road) 

Road  Development   factor  =  — ^   /■  .■ -x rr— ^ 

Z   (miles  of  road) 
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and  where         K  -  1,0   (asphalt) 
1.5   (crsvel) 
2.0   (earth) 

Population  is  in  thousands  of  persons  and  niles  of  road  is  road 
distance  fiDm  the  centroid  of  the  dam  to  each  major  reservoir  area, 

Sirtiilar  equations  were  developed  for  the  attractive  indices  for  the 
gravity  and  opportunity  rodels. 

The  compilation,   correlation,   and  use  of  some  of  the  data  are  tediouj 
According  to  the  authors,    sofc  of  the  coefficients  of  the  regression 
equrtions  used  to  predict  trip  ends  appear  contmrj''  to  reason, 

Miile  the  distribution  nodels  ased  are  recur,  te  and  reflect  a  clear 
appreciation  of  the  problers  invoi^'ed,    the  riethod  is  sonevhat  un^'isldy 
in  that   so  nsny  factors  need  to  bo  deterriuned  befoi^  trips  can  be  His- 
tribu^ed  from  a  co'oity  to  a  roser'/olr. 

In  a  study  of  weekend  recreftional  trirs   to  parks  in  Indiana, 
Sch-uj.man  used  a  single  exponent  gravity  nodel  in  oi-^er  to  predict 
trip  distributions    ^    ' .      In  establisiiing  the  relative  attraction  oi  each 
coi'nt\',   he  used  covrity  poi  ul-.tion  as  the  only  vari.'ble.      In  cortrast, 
jniith  and  Landman  used  manj'-  socio-econoriic  factors  vjldch  rx-e  difficult 
to  forecast.     Population  seems  to  be  the  best  single  estLnator  of  the 
county's  attractiveness  and   the  easiest   to  obt-in.      .Soliulman's  work  v;as 
concerned  ^rith  tlie  State  parks  of  Iiidiana  and  as  a  consequence,  the  paric 
characteristics  varied  >d.dely. 

The  gravity  model  used  is  of  tj;e   fomi: 
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R. 
2  — 


X 


where  7.  .  =  munber  of  tirlps  from  an  area   1  to  a  recreational  area  5. 

T.    =  mrnber  of  trips  attracted  to  recreational  area  i 
from  all  residential  areas 

D.  .  =   I'oad  distance  from  area  j  to  area  i 
xj 

X  =  exponent  v/hich  is  deteimined  for  the  type  of 
recreationaj  trip  binder  consideration 

R.   =  neasui?e  of  the  nunber  of  recreational   trips  generated 
"^       fron  cotuity  j. 

In  order  to  determine  the  constants  for  this  form  of  the  gravity 
niodel,   four  quantities  had  to  be  determined: 

T.    -  n'omber  of  recreational  trips  generated  by  county  j 
T.    =  pre'/iou£.ly  defined 
T.  .   =  pi^e-vd-ously  defined 
D.  ,   =  previously'  defined. 
A  linear  nultiple  regression  model  was  used  to  predict  tlie  niunber 
of  trips   to  r   park: 

Y  =  903 o5  +  6. Ill  .>:^  -  ?.B0  x^   +  3,^.98  x.   +2.20  x^ 
-  6h6  Xg  -   2.63  x^   +  726.li8  x^^  -  h30.Q2  x^ 
+  217.72  :c,p   ^-  0.11  x^t5«* 
=t,  =  0.85^69  Standard  error  =  309 

where  Y  =  total  weekend  trips  to  a  park 

X,    =  nureber  of  picnic  tables 
x^  =  number  of  cojup  sites 

c  

■«•  Some  of  the  coefficients  are  different  from  the  original  Hork,    the 
chanjjes  were  made  to  correct  printing  errors. 
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Xt  =  area  of  lake   (iii  hundreds  of  acres) 

X,  =  area  of  park  e:ctenr.ively  developed   (in  acres) 

X/  =  availability  of  a  bathhouse 

x^  ^  capacity  of  totr.l  ll'.'ing  facilities    (in  rnjest-ni^jhts) 

X,  p  =  availability  of  fisliing 

X-,  „  =  location  on  a  river 

-i-7 

XjD  =  availability  of  electricity 

x^  Q  =  population   (in  thousands)  ^-ri-thin  60  rdJLes  of  the  park. 

The  parks  \:ere  not  necessarily  located  on  a  lake  or  reccr;/oir  although 
both  ?;iccoon  and  Cc.gles  liill  were  included  in  the  par'cs  studied.      Gone 
of  the  paries  •..'ere  located  on  ri-.'ers  or  streaj.'s  v;hile  others  had  no  water 
related  facilities.     The  consideration  of  dissimilar  types  of  pA'.rks 
Inquired  the  inclusion  of  nany  variables  which  do  not  apply  to  all  of    . 
the  pa.rt-:s  and  vhich  may  or  may  not  be  pertinent  for  trip  pi-edictions  for 
a  specific  park. 


A  report  by  Ungar  rocogrdaes  the  major  problem  of  trds  type  o 
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analysis:      the  lack  of  adequate  data    ^"'''.     Tlie  methods  require   the  col- 
lection of  a  great  de.al  of  ijiformation  ^1^1iich  should  be  kept  current  as 
projections  must  be  made  for  each  data  item  for  future  trip  predictions. 
Teither  Ungsr  nor  Schulman  made  .an  attempt   to  evaluate  the  effects  of 
competing  parks. 

Ungar  used  an  Activity  Index  developed  by  '.lueller  and  Gurin  wiiich 
is  based  on  a  rnixLtir^le  classification  analysis  ucing  socio-economic  and 
trip  frequency  data   ^     .     lie  states  that  further  uork  is  needed  on  the 
activity  index  before  any  final  judgment  of  its  value  can  be  made. 
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Ungar's  multiple  regression  equation  for  trip  generation  by  a  park 
is  a  modification  of  Schulman's.  The  trip  distribution  models  investi- 
gated by  Ungar  are  all  \^riations  of  the  basic  Gravity  I5odel  type.  The 
Activity  Index  developed  for  this  study  is  based  on  the  characteristics 
of  male  heads  of  families  and  single  male  adults.  This  was  based  on  the 
assumption  that  almost  all  trips  to  parks  are  headed  by  male  adults. 
The  purpose  of  the  Acti'/ity  Index  is  to  indicate  the  relative  frequency 
of  participation  (or  number  of  trips)  as  compared  to  an  average. 

The  Activity  Index  is  expi-essed  as: 

k         h 

where       Ah  -  weighted  component  of  the  activity  index 

k  =  subclassification  of  h  (referring  to  education  for 
example) 

P,  =  male  population  of  a  county 

h  =  factor 

a, ,    =  component  of  the  activity  index  in  the  ]\,k  subclass. 

Activity  index  components  were  developed  for  each  covmty  studded  and 

included  the  follovring  charccteilstics:     income,    education,   occupation, 

paid  vacation,  place  of  residence,    region   (of  county),   age,   race,   and 

life  cycle.      life  cycle  was  defined  by  marital  status,   age,   and  number 

and  age  of  cliildren. 

The  regression  equation  for  park  attractiveness  is  as  follows: 

Y  =  -  li32.8   +  U.lIiT  +  10.81L  +  80.67H  -  0.0032T^ 

+  0.01301"^  -  12.07A^  -  O.0367TL  +  O.OO736TS 

+  O.O236LS  -  0.219H3. 

>Q.th  multiple  correlation  =  0.988  and  standard  error  =  178  trips. 


The  use  of  regression  analysis  techniques  to  relate  p.ttendance  to 
parfc  characteristics  is  attractive  o.nd  lias  been  pursuad  by  the  investi- 
gators already  mentioned.     ."lowever,  nany  of  the  characteristics  that  are 
involved  in  tlie  regression  JUiclysis  are  not   truly  quantitative  stich  as 
anenities  used  by  Ungar, 

'Ihe  use  of  regression  analysis  teclmiques  requires  the  assunption 
that  attendance  is  dependent  upon  the  muabcr  or  quantity  of  a  certain 
item  such  as  picnic   tables.      It  is  questionable  if  the  e:cact  number  of 
picnic   tables  vill  cruse  :iny  significant  ilucuation,   if  any^   in  the  nuii'.- 
ber  of  ^/isits  to  a  large  pari:  such  as   Iticcoon  or  Cagles  \z22..     leather 
the  fact  that  ?   suitable  and  pleasant  area  for  picnics  is  available  is 
more  significant   than  the  niunber  of  picnic   tables  or  grills.      It  is 
doubtful   that  \dsit.oi-s  are  c  imscious  of  the  number  of  ".rv/   tyj-e  of  item. 
If  there  is  space  av.iilable  at  the  beac];,   in  the  campgixauid,   or  space 
for  a  picnic,    they  irill  bo  s'  l^isfied. 

In   tiiri-s  project   a  single  tj-p^e  of  recreational  facilit;*-  is  considered, 
the    ]Late  park  located  at  a  rrolti-puipose  reser\'oir.      "JIl   such  parks  in 
the   3trte  of  Indiana  have  or  ^rill  Iiave  sipilnr  characteristics  although 
the  amount  of  each  ty^e  of  facility  may  --niy  depending  on  the  amount  of 
land  a\Tilable  for  reci^abional  purposes.      Thio  vrill,  no  doubt,   depend 
to  a  large  extent  on  the  size  of  the  summer  pool  level  of  the  reservoir. 
The  parks  '.-rill  be  located  on  a  l.a]ce  of  over  1000  acres  or  larger.      Tne 
facilities  at  each  pai'l:  vi21  be  essentially  tlie  same  in   type  and  qudity. 

TliC  parks  -.rill  attract  trips  from  all   t^'pes  of  areas,  urban  ssxd 
rural,  as  well  as  fror.  all  socio-economic  groups.      In  aj^y  cre^,  125  miles 
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in  radius    the   pei-centages  of  the  various  socio-economic  groups  xjould 
be  approxiniately  the  sar-ie.     As  ?-  result  these  factors  need  not  be  signi- 
ficant for  the  purpose  of  tliis  study.      They  shou].d  not  affect  the 
attendance  at  one  park  as  opposed  to  attendance  at  aiiy  other  similar 
park  in  the  same  region. 

V.Tiat  is  needed  then  is  a  method  that  can  be  easily  understood  by 
all  concemed  planning  groups.  The  method  shoiild  be  useful,  accurate 
enough  for  long  range  planning,  responsive  to  changing  rates,  and  it 
should  be  based  on  easily  ne:  sured  and  readily  available  pararieters. 
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DATA  COLLECTION 

In  oixJer  to  acquire  sufficient  data  for  the  studj--,  collection  was 
Kade  over  a  period  e>:tending  fron  June,  1.%$  until  GcLober,  1966  at  all 
three  parks.     Figure  1  pho^s  the  location  of  the  three  resei^'oirs.     Data 
collection  was  be^juii  ecrly  in  the  plaraiing  stage  of  the  project  in  order 
<"  to  tai:  fall  advantr^^e  of  the  CLOV.er  session  of  196?.     Ilovjever,  because 
data  collection  began  prior  to   the  development  of  a  thoroiigh  plan  of 
aiialysis,  more  infonnation  'rs  obtained  than  was  aoluvlly  iised, 

Tlie  prLiarj'  sorirco  of  data  was  a  2$  percent  interview  of  veliicular 
trips  arriving  at  the  paii-:s.     Tlie  2$  percent  saiaple  wa.?  considered  ade- 
quate for  analytical  purposes  and  did  not  cre-^te  a  disruption  in  tr£.ffic 
Clov,      Tlie  interviews  were  conducted  at  the  gate  houses  '.,'hei-e  ari-iving 
vehicles  ;;erG  }'equired  to  stop  and  pay  fees.     &ch  iriterviei-:  took  appi>jx- 
inia.tely  20  seconds. 

Ths  nui'iber  of  Indiana  passenger  c?r  licenses  3jiclu<?es  the  nonber  of 
the  county  of  residence  of  the  listed  oi^^er.     Tliis  w?s  recor-ded  and  used 
as  tr.e  county  of  origin  for  the  tiri.p.     The  driver  was  rs':ed  the  purpose 
of  the  visit:   the  ni^-.ber  of  adults  and  ciiildren  were  d?t.?mined.     Children 
were  considered   to  be  persons  under  12  years  of  age  since  no  charge  is 
nade  for  adrdttance  of  persons  under  12.     Tote  was  made  of  rny  equipraent 
carried  such  as  a  boat,   house  trailer,   or  camping  trailer.     Tine  of  dajr. 
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date,   park  and  place  of  entry  (nr.in  gate  or  isolated  boat  ramp)  were 
recorded.     See  .'^pendix  A  for  data  collection  sheet. 

Several  problems  v;ere  soon  apparent.      Out  of  state  cars  \-:ere 
occasionally  encoumtered.     Drivers  of  such  vehicles  were  asked  if  they 
were  passing  through  or  viex^  vlsitii:»g  in  the  area.     Visitors  to  Illinois 
or  Indiana  were  considered   to  be   trips  oi-iginating  fron  the  county 
visited.     Vehicles  displaying  decals  fioin  schools  or  military  bases  in 
Indiana  were  considered  to  be   trips  from  those  locations  regardless  of 
the  state  or  county  indicated  on  the  license  plate. 

The  inter\d.ews  "ere  conducted  at  the  gatehouses  at  Raccoon  and 
Cagles  Mil.     IJo  gatehouses  were  in  operation  at  Ilonroe  during  tliis 
period.      The  advantage  of  conducting  intervievjs  at  the  gatehouses  was 
that  the  vehicles  were  already  stopped  in  order  to  pay  fees,   and  no 
further  disruption  of  traffic  was  necessary.     /J.so,   it  was  possible  to 
•deterrane  which  velxLcles  h?d  already  paid  and  thus  duplication  of  inter- 
viewswas  prevented.     Veloicles  on  park  business  were  not  charged  adiiission 
and  vrere  not  included  in  the  sample.      It  was  thei-^fore  possible   to  exclude 
all   those  vehicles  vrhich  were  not  entering  the  paric  for  the  first  time. 
Unfortunately  this  vras  not  possible  at   the  boat  rajnps  at   IV^ccoon  or 
Ilonroe,    :iowever,  the  volimes  at   the  boat  rajrips  were  low  enough  so   that  it 
was  possible   to  ask  if  the  trip  had  entered   the  park  pre^/iously,  without 
causing  an  londue  delay  to  traffic.     At  Cagles  Mill  there  is  an  attended 
gatehouse  at  the  on].y  isolated  boat  rarip. 

The  majority  of  the  interviews  were  conducted  over  the  weekend 
periods,   from  Friday  afternoon  to   Sunday  afternoon  during  the  summer 
months.     Feekcnds     were  selected  randomly.     During  1965,   the  parks  were 


20 


visited  every  tv;o  weeks  bejjinning  early  in  June  and  continuini3  through 
August.     Raccoon  was  visited  one  vee'cend  and  Gagles  liill  and  IJonroe  the 
next  ueelcend  throughout  the  s^'onnei^.     Periodic  ■visits  were  made  during 
the  frJLl  and  winter  and  also  during  the  spring  o£  1966,   in  order  to 
detendLne  the  ye^~Tly  distribution  of  trips.     During  the  1?66  sui.inier  sea- 
son visits  v.-ere  made  to  each  park  everj.'  third  weekend,      './eekdvi-y  visits 
were  riar.e  in  J'one  and  August  only. 

The  general  procedure  for  VTeGk-^nds  was  to  begin  at  2  FM  on  ;>'riday  and 
interview  -..mtil  9  or  10  K'..     On  Saturdaj^s,   iiiter^'lGvring  wo-ald  beg:ui  at 
9  Alf  and  continue  until  3  ??•:,     On  Ounda^-'s,   in tsr\'i earing  Tcould  bega^i  at 
9  I^i  and  contin-ae  until  5  PI'.     The  hours  wore  selected  on  t;ie  basis  of 
observ:'tion  nade  at   Tiaccoon  Park.     IdXer  about  9  TH  on  Fridays,   few  ai- 
rivsls  xv'ere  noted,   and  few  arrived  before  9  All  on  any  day  of  the  week. 
The  par'^s  vrere  open  2U  hours  a  day  dvurln;;  the   suini.ioi-,  but  intcr^^-iews  were 
cor/uc' sd  onl^'  during  the  stated  hours.     Tlie  par!;  rGCords  on  al. tendance 
sho'..".ad   tik't  on  wce'ien.I.s   the  'rrivals  duriiig  t];e  inbarview  pe:-iod  usually 
accounted  for  about  f>0  porcant  of   the   t^'^al  visitors  on  Jatuixiays  ?nd 
jundays  and  about  7.^  percent  on  Fi'i''.ay?.     '.'eekday  intem'ievfs  ;;ei'e  con- 
ducted in  essentially  tV.e  sane  naiuiior  as  were  the  weekend  lnterviev:s. 

Aftar  tlio  1?65  scunner  season  '.ras  over,   a  rondoifi  selection  of  5  Per- 
cent of  the  s-^Tiiplcs  were  nailed  quastioruiaires.      Tiic  questionn-aires    ("'.ee 
AjY'©'"!^-^:  A)  vrare  concerned  v.'ith  the  mmiber  of  visitors  w>io  were  repeaters, 
that  is,   people  irho  cane   regularly  to   the  park,      i"!et'ara  postage  and 
envelopes  were  pro\d.ded.      Tlie  addresses  were  obtained  fr^n  the  license 
plate  data  available  from  tiie  3tate  of  Indiana,  Departirent  of  'iitor 
Vehicles.     About  1,0  percent  of  the  questionnaa.res  were  returned. 


Preparation  of  Data 

The  data  were  summarized  hy  means  of  the  IBM  709ii  Computer  utiliz- 
ing  Fortran  IV  computer  language.     Hie  large  number  of  data  items  pre- 
cluded any  attempt  at  hand  calculation.      Thirteen  thousand  thi^e  hundred 
and  forty  samples  v:ere  collected  by  the  interviews.      The  summation  prx)- 
gram  that  was  developed  is  included  in  Appendix  B. 

The  program  permitted  the  summation  of  any  of  the  separate  items  of 
a  sample  in  any  desired  wanner.     Each  item  could  be  coionted  on  the  basis 
of  any  other  item  by  means  of  logical  liP  statements.     The  smrjnation  pro- 
gram v;as  found  to  be  very  flexible  and  useful.      Tlie  output  foniiat  was 
designed  so  that  the  s?-ne  information  was  available   for  each  pr.rk  and 
year  simultaneously  with  the  trip  purpose. 

Since  the  visitors  were  ac';ed   to  state  the  purpose  of  their  'vd.sit, 
many  mu].tiple  purposes  were  stated.      Tliis  was  not  unusual.     It  is 
probable   that  most   trips   to  a  reservoir  are  made  for  more  than  one  pur- 
pose.     However,   in  this  study^only  the  stated  purposes  were  i^ecorded 
since  these  were  considered  to  be  the  pui-poses  which  inspired  the   trip. 
No  effort  was  made  to  determine  if,    in  fact,    the  stated  purposes  were 
actually  accomplished.      The  fact  of  interest  was  what  attracted  the 
visitor  to  the  park,   not  what  he  actually  did  once  he  had  arin-ved  at  the 
park.     The  trip  purposes  considered  were  boating,  camping,   fishing, 
picnicking,  swirrj.iing,  hiking,  looking,   and  others. 

Some   trip  purposes  were  not  compatible  T-rlth  miitiple  listing. 
Looking  and  other  categories  were  not  listed  vrLth  miiltiple  purposes. 
For  instance,   a  trip  purpose  given  as  "boating  and  looking  around"  was 
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classified  only  as   '"boating."     A  camping  trip  wliich  also  lists  picnicking 
as  a  purpose  does  not  logically  make  sense,   as  an  overnight  camping  trip 
without  meals  is  hardly  feasible.      3one  of  these  trips   (camping  and  pic- 
nicking) may  have  appeared  on  the  sunraation  sheets  but  they  were  summed 
Tri.th  the  camping  trips  for  analytical  purposes.     A  trip  for  which  boating 
and  sinjnning  were  given  as  the  reasons  for  making  the  trip  could  not 
justifiably  be  counted  as  boating  rather  than  svTimming  or  vice  versa  as 
no  justifiable  reason  existed   for  making  an  arbitrary  judgment  as   to  what 
category  in  which  to  place   the   ti-ip.     A  multi-purpose  trip  of  siri.mming 
and  boating  could  not  be  listed  as  both  a  svjimming  and  a  boating  trip. 
The  solution  to  this  problem  was  to  list  each  trip  as  a  separate  entry. 
In  this  example,    the  trip  could  be  listed  as  a  boating-swimming  trip  or 
BS  in  the  summation  program  vrithout  preference  to  either  activity.     This 
Inquires  65  trip  categories  in  the  summation  output.     The  result  is  that 
each  trip  is  listed  oaly  once  and  is  completely  described  In  terns  of 
the  stated  purpose (s)  as  listed  by  the  visitor.     Tliis  solution  permitted 
the  computation  of  any  trip  type  as  well  as  those  types  contained  in 
multi-purpose   trips. 

For  example,   a  desired  summation  of  boating  trips  could  be  made  up 
of  all  single  purpose  boating  trips   (v:here  boating  was  the  only  purpose 
listed)  and  all  multi-purpose   trips  of  vrhich  boating  was  listed  as  one 
of  the  purposes  for  making  the  trip. 

Tlie  summation  pnogran  was  used  to  determine  the  trips   to  each  park 
for  each  year  from  each  county  in  Indiana  and  Illinois  as  well  as  from 
other  states.     The  trips  from  each  county  could  be  determined  also  by 
Igrpe,    that  is,  boating  trips  from  each  county  to  each  park  could  be 


23 


determined.     Tlie  number  of  people,   or  adtilts  nnd  children,   could  be 
determined  in  the  same  manner  as  were  the  number  of  trips. 

The  s\mmation  program  accomplishes  notliing  more  than  summing  the 
data  based  on  any  factor  or  combination  of  factors  desired.     The  factors 
available  are  listed  in  Table  1. 

3ach  interview  sample  was  entered  on  a  single  TBI!  card.      For 
3-nalytical .'purposes,   the   "loolcing"  and   "other''  categories  were  combined 
because  it  v;-as  felt  that  there  is  really  no  difference  between  the  two. 
Tlie   "other"  category  includes  oil  purposes  not  included  in  the  remaining 
categories.      "LooJcing"  category  essentially  includes  those  trips  for 
which  no  satisfactory  parpose  could  or  woiild  be  stated.      Tliis  category 
might  include   the  casual  driver,    driving  for  plea5"are,   or  simply  impulse 
visitors  who  "were  driving  by  and  decided  to  -T-sit    'to  see  what  is  there." 
The  number  of  "looking''   trips  is  l"rge  compared   to    the   "other''  trips. 
Since  both  categories  are  diffic^olt,  to  classify,   it  was  decided  to  group 
them  together. 

TJhen  county  trip  totals  vrere  determined,   it  became  apparent  that 
over  80  percent  of  all  tirips  crxie  from  ^'ithin  125^  miles  of  a  park.      For 
the  purpose  of  this  ?nslysis,   no  coiinties  beyond  125  miles  of  the  closest 
park  were  considered.     The  observed  trips  per  county  beyond  this  range 
were  so  ferx  as  to  be  insignificant. 

In  order  to  standardize  the  trip  rate  from  any  particular  county, 

a  unit  of  measure  was  i-^quired.      Tae  lonit  selected  was  trips  per  1000 

(^.'^ 

population.      There  is  a  lai^e  x^ariation  among  county  populations.      Marion 

'?' 
County  contains  705,000  people,  while  Union  County  contains  6OOO. 

Obviously  the  total  number  of  trips  from  the  two  counties  vrill  vaiy 
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TABLE      I 
INTERVIEW      DATA      ON     IBM      CARD 


_to:r: 

Co.Liinnv.- , 

i&r::  Tc.i. 

Park- 

1 

1,    2,   or  3 

Location 

3 

1-5,  1-2,  1-9 

Ibnth 

5-6 

Date 

B-9 

Year 

11 

1,  1965  or  2,  1966 

Day  (of  week) 

13 

1-7,  1,    -Sunday  -  7,    -Saturday 

VJeather 

15 

l-I;,    clear-liot,   cloudy-cool,    rain, 
cloudy 

Sanple  percentage 

17 

1(25..^  sample);    2(100,':;  sariple-vdjiter) 

•bur 

19-20 

County 

22-23 

.State 

23-26 

Squipmcnt 

28 

1-boat,   2-house  trailer.    3-camping 
trailer 

reople 

30-31 

Children 

33-3I1 

? (boating) 

36 

1,    if  stated,   blpjxk  otheivlse 

C(caxipinf;) 

?(fisldng) 

3C 

P  (picnicking) 

J) 

C (other) 

Uo 

3(.?\riruning) 

1    T 

i:(}iild.nc) 

\x2 

L(looking) 

U3 

• 

Gven  if  the  distances  to  a  park  are  the   srjno.     The  use  of  a  trip  rate 
trill  tend  to  normiilize  the  disparity  of  population  differences. 

The  trips  fron  each  county  uere  converted  into  trips  per  1000 
population.     Observed  trips  were  divided  by  a  factor,   called  the  expan- 
sion factor  which  is  the  percentage  of  all   trips   to  a  park  that  were 
sarapled  in  a  year.    'Tne   tot^il  ti-aps  vrere  obtained  fix)in  the  Departinent  of 
natural   Resources'   weel-iy  telly  sheets  vrhich  trore  available  for  1?6^  and 
I96C.     A  sampling  day  is  a  day  of  i.-cekday  saniplini^.      If  a  ^veekend  day, 
Friday,    Saturday,   or  junday  ;raG  used,   a  r?.ultiplicr  of   five  v^^s  used  as 
1,'eekends  days  produce  about  five  tL-es  as  many  trips  as  a  weekday 
day.      Tlici'efore,   one  -jcckcnd  produces  three  tines  five  or  l5   "sampling 
days.''     The  tobr.l  o'japling  doys  for  each  park  and  year  are  s'aovm  on 
flgui-e  2. 

The  obser\'od  tri:^s   from  a  county  v.'ore  nultiplied  by  four  bo  reflect 
the  2^'  percent   s.-u^ple.     The  res\ilbing  fijure  x-ras  then  dl\-ided  by   the 
cxpai^ision  factor  from  Ti.jure  2,   detorrdned  fron  the  nanber  of  sainpli.'ig 
days  in  order  to  obb---lji  the  total  annual   trips   fron  that  covjity  to  a 
park. 

rA3Ln;  2 

SAI-IT'iriG  DAY3  klU)  EXPAlMIOi:   FACTORS 
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B^  dividing  the  total  trips,   or  boating,   swirming,   camping,   or  picnicking 
trips  by  the  coixnty  population  in  thousands,   the  trip  rate  for  any  desired 
trip  purposes  can  be  obtained. 

The  coxinty  population  data  projections  for  1965  and  I966  were  linear 
projections  of  the  15^0  and  i960  census  data   ^    ''.     The  trip  rates  for 
each  county  for  both  years,    to  all  three  parks  were  computed  for  tot^J.J 
boating,   camping,  picnicking^  and  si-mrining  trips. 

The  distance  figures  were  developed  from  the  center  of  each  county 
to  the  center  of  each  park.  ?oD.d  fiiles  were  measured  using  the  prin?.ry 
highway  system. 


1 


28 


ANALYSIS 

ITevelopment  of  Frediction  ?bdel 

A  normal  plot  of  the  trip  rates  versus  distance  of  the  various 
counties  from  a  reservoir  produced  a  curved  line.  A  plot  of  the  same 
data  on  a  semi-logarithmic  graph  produced  a  straight  line,  indicating 
that  an  exponential  type  of  function  shoiold  describe  the  trip  rates  in 
terms  of  distance.  This  result  was  expected  since  the  relationship 
between  trip  isngth  and  distance  has  been  shown  to  be  exponential 
The  relationship  is  based  on  the  premise  that  a  trip  desires  to  be  as 
short  as  possible;  a  person  making  a  trip  for  any  purpose  will  usually 
go  no  further  than  is  necessary  to  satisfy  the  purpose  for  wliich  the 
trip  is  being  made. 

For  determining  the  trip  rate,  the  function  used  was: 

Y  =  A  e"^  (1) 

where  Y  =   trips  per  1000  population  from  a  county 

to  a  reservoir 

A  =  Y  intercept  of  non-linear  regression  curve 

e  =  base  of  natural  logarithms 

B  =   rate  of  change  of  non-linear  regression  curve 

X  =   distance  in  tens  of  miles  fixim  a  county   to 
a  reservoir. 

Two  regression  curves  were  developed;  one  curve  is  to  be  used  for 

counties  that  are  closest   to   the  specified  park  and   the  other  curve  is 
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for  trips  to  a  park  that  is  not  the  closest.  Trips  were  observed  from 
a  particular  county  to  moi^  than  one  paric.  If  the  assumption  that  a 
trip  desires  to  be  as  short  as  possible  is  correct,  then  the  character- 
istics or  the  parameters  of  equation  1  should  be  different  for  each  case. 
Case  one  is  the  condition  where  there  is  no  park  closer  to  a  county  than 
the  park  under  consideration.  Case  two  is  the  condition  where  one  or 
more  parks  are  closer  to  the  county  than  the  park  under  consideration. 

In  accordance  with  the  above  conditions,  the  counties  were  separated 
into  two  groups  for  each  paric.  All  counties  that  were  closer  to  the 
park  considered  than  to  any  other  park  were  placed  into  one  group.  The 
other  group  contained  all  counties  that  were  closer  to  a  park  other  than 
the  one  under  consideration. 

Monroe  was  not  considered  for  the  purposes  of  estimating  the  para- 
meters because  the  park  was  not  fully  operational  during  this  period. 
No  beaches  were  open  for  swimning,  only  extremely  limited  camping  and 
picnicking  facilities  were  available,  and  fishing  vras  not  permitted. 
Only  boating  could  be  considered  to  be  in  normal  operation  at  Tbnroe. 
The  road  network  serving  the  area  was  inadequate.  The  roads  were  narrow, 
winding,  and  mostly  unpaved. 

Counties  that  are  located  beyond  a  distance  of  20  miles  from  Monroe 
iteservoir  were  assumed  not  to  be  influenced  by  the  presence  of  Monroe 
Reservoir  but  were  considered  to  be  closest  to  Gagles  Mill,   l-fonroe 
Reservoir  exerted  an  influence  on  the  counties  that  were  less  than 
20  miles  away.  These  counties  were  included  in  the  intervening  group 
for  Cagles  I!ill  and  Raccoon.  In  1966  Raccoon  Park  did  not  pennit  swim- 
ming because  the  reservoir  pool  level  was  too  low.  For  this  reason,  the 
1966  data  for  Raccoon  were  not  included  in  this  portion  of  the  analysis. 
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The  model  Y  =  Ae    is  non-linear  in  that  the  function  is  not  lin- 
ear for  the  parameters,  it  is  not  of  the  linear  form 

Y=  Bq  -B^Z^^  •••  ^  Vn  '^  ^^^ 

The  estimation  of  the  parameters  by  the  method  of  least  squares  can  be 
made  by  using  a  logarithmic  transformation  into  the  form 

InY  =  In  A  -  Bx  (3) 

This  approach  assumes  the  errors  in  the  original  function  are  multiplied 
and  are  therefore  additive  in  the  transformed  model.  The  logarithmic 
transformation  may  not  give  good  estimates  of  the  parameters  because  the 
transformed  model  is  not  the  same  function  as  the  original 

A  non-linear  regression  analysis  was  used  to  obtain  the  parameters 
A  and  B.  The  method  selected  was  a  minor  variant  of  SHARE  309h 
Tliis  program  finds  the  estimates  of  the  parameters  A  and  B  in  the  func- 
tion  Y  =  Ae    +  e  by  minimizing 

2  e^  =  2:(Y  -  Y)2    .  (li) 

where  e  is  the  residual  error  and  Y  is  the  estimate  of  Y,  In  order  to 
solve  1  t''  ^   Z(Y  -  Y)  ,  the  partial  differential  equations  of  Y  =  Ae 
with  respect  to  the  parameters  miist  be  used  since 

M^=_2Z(Y-Y)||=0  (5) 


and 


3  A 


^^=-2Z(Y-Y)||=0  (6) 

8  B  ^^ 
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A.       A. 

are  the  nonnal  equations  which  imist  be  solved  siniiltaneously  for  A  and  B, 
the  estimates  of  A  and  B. 

The  required  partial  differential  equations  were 

ll  =  e-^  (7) 

3A 

and 

|I=xAe-^  (8) 

These  two  equations  were  substituted  into  equations  S   and  6.  The  equa- 
tions may  be  solved  by  finding  the  values  of  A  and  B  which  will  minimize 
2e=Z(Y-Y)^.   This  is  the  method  used  by  the  SHARE  309li  program. 
It  is  an  iterative  technique  which  requires  an  initial  estimate  of  the 
true  parameters. 

The  initial  parameters  used  were  developed  by  estimating  parsmeters 
for  a  linear  transformation  of  the  data  for  the  total  trips  to  Raccoon 
for  1965  and  to  Cagles  Kill  for  196$   and  1966.  The  results  were  such 
that  a  value  of  2pO  i^as  selected  as  the  initial  estimate  for  A  and  a 
value  of  0.U66  was  selected  for  P.  A  similar  procedure  was  used  for 
intervening  parks  ;d.th  the  resulting  estimates  of  120  for  A  and  O.I166  for 
B.  The  values  used  proved  satisfactory  as  initial  estimates.  An  easier 
method  would  have  been  to  select  values  from  a  regression  line  estimated 
from  a  plot  of  the  data.  This  method  would  have  been  sufficiently 
accurate  because  only  two  parameters  are  involved. 

Using  the  data  for  total  trips,  a  linear  transformation  of  the  fonn 
JjnY   =  liiA  -  Bx  was  made  for  the  purpose  of  testing  if  the  various 


(12) 
regression  lines  produced  could  be  considered  parallel    '.  A  standard 

"F"  test  using  analysis  of  variance  techniques  which  compared  the  vari- 
ance between  the  individual  slopes  and  the  variance  about  the  individual 

2     2 
lines  using  the  mean  squares  s-,  snd   s_  respectively,  showed  the  follow- 
ing variance  ratio: 


I  (2,  82)  =  ^  =  2.108  <  2.3? 
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for  an  a  level  of  .10.  The  hypothesis  is  that  the  lines  are  parallel 
and  since  —^,   distributed  as  F(2^  82)  v;here  2  and  82  are  the  degrees  of 

2  2 

freedom  for  Sp  and  s^  ,   is  less  t^nn  2.35  it  cannot  be  said  that  the 

lines  ai-e  not  parallel.      The  a  level  vras  chosen  to  be  relatively  liigh  in 
order  to  reduce  the  chnnce  of  making  a   t}'pe  II  error  or  to  accept  the 
hypothesis  vrhen  in  fact  it  is  false.      It  was  thought  to  be  more  advanta- 
geous to  accept  a  higher  pr-obability  of  mal-rLng  a   type  I  error  or  to 

(12) 
reject  the  hypothesis  as  false  vrhen  it  actually  is  true  \      If  the 

lines  produced  by  the  transfomed  equation  caji  be  accepted  as  being 
parallel  under  the  above  conditions,   it  should  be  safe   to  conclude  that 
the  actual  non-linear  regression  lines  are  also  parallel,   that  is  the 
slopes  of  the  lines  can  be  considered  equal.      Tais  approach  was  used 
because  there  is  no   satisfsctoiy  way  to  perform  an  analysis  of  varidjice 
for  the  non-linear  case. 

,  The  number  of  iterations  required  to  estimate  the  parameters  was 
usually  less  than  10  and  iii  no  case  vtp.s  a  comp'ater  force  off  used  be- 
cause the  number  of  programmed  iterations  had  been  exceeded.     The  initial 
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parameters  are  then  used  to  calculate  an  estimate  of  A  and  B.     The  new 
estimate  is  then  used  to  get  a  better  estimate.      Tliis  process  continues 
until  a  satisfactory''  ansvrer  is  reached. 

An  iterative  technique  for  estimating  parameters  of  a  non-linear 
system  may  or  may  not  work  satisfactorily  depending  on  the  form  of  the 

iterative  technique  used.     Tlie  SHARE  program  used  for  tliis  research 

(13) 
employs  the  method  known  as  I'arquardt's  Compromise  '.     This  method  is 

a  compromise  between  the  linearization  (or  Taylor  Series)  and  the  steep- 

(l]  ) 
est  descent  methods  .     Its  clxlef  advantage  is  that  is  seems  to  be 

applicable  to  a  greater  range  of  problems  than  the  two  otlier  methods. 
Taylor  Series  nay  not  converj-^e  as  it  is  a  linear  form.     Ilairiuarc't's 
Compromise  method  almost  always  converges  ?.nd  does  not  slow  domi  as  does 
the  Steepest  Descent  ifethod  wliich  often  converges  very  slovrly  and  often 
requires  changes  in  scale.     ?or  non-linear  problems,   no  particular  method 
of  itei^tion  can  be  considererJ  best  because  for  a  particiilar  pir)blem, 
modification  of  any  nethod  nay  result  in  quicker  convergence.     A  satis- 
factory'' ansiirer  is  one  which  satisfies  the  criteria  imposed. 

Sevei-^1  ciileria  for  stopping  are  available.     'Jlien  the  slope  of 
S(Y  -  Y)     is  near  7;ero:   that  is,  when  the  partial  derivatives  approach 
zeix),   the  criteria  are  satisfied.     In  the  sriATE  program  the  value  of  the 
slope  is  considered   lo  be  near  zero  when  the  actuaJ.  value  is  less  than 
O.'DOOl.      There  are  tvro  additional  vj-ays  in  which  the  SIIARE  program  may  be 
satisfied,  v:hen  tlie  changes  in  A  and  B  become  too  si.ifJ.1  for  an  iteration 
or  when  any  predetermined  nionber  of  iterations  liave  been  made.     In  this 
case  the  standard  convergence  criteria  supplied  with  the  program  were 
used.     The  lipsilon  Test  was  used  to  determine  convergence  .     Ttiis 


3k 


test  is  passed  whenever 


h- 1 

f-—  <  e  ,  for  all  j  (o) 

T  +  b. 
I  Jl 

where  b.  is  the  "-"-lue  of  the  jth  parameter 

T  is  the  constant  used  in  convergence  test   (10     ) 

6  is  the  convergence  criteria   (^  x  10  '^) 

5.  is  the  increment  to  b.. 
J  J 

The  Zpsilon  Test  is  the  standard  conver<,'8nce  test  for  this  program.   The 
Spsilon  Test  was  achieved  for  rll  runs  excepting  those  devoted  to  single 
purpose  trips  (boating,   camping,  picnicking,   s^Tinmiing )  at  ife.ccoon  as  an 
intervening s,par'c.     Tliis  dispnrity  is  ej:plnined  by  the  fact   that  the 
counties  involved  are  in   tlie  soutljern  part  of  Indiana,   close   to   the  Ohio 
and  Wabash  ?ivers,   and  sparsely  popalated,      Tlie  road  network  is  poor  in 
comparison  to  the  road  network  in  other  parts  of  the  State  of  Indiana. 
As  a   result,   very  fer/  trips  were  observed  and  sone  counties  showed  no 
trips  at  all  iri-egardless  of  the  distcinces  wliich  were  usually  greater 
tjian  pO  miles.      Tlie  sfu^iplos  did  not  fit  the  nodel  and.  these  i-\ms  were 
not  used  in  the  analysis.     ?he  use  of  Cagles  Ilill  as  an  intervening  park 
produced  estiraates  for  all  single  piii-pose  trips. 

The  program  produced  10  sets  of  paraj.ieters,   A  ajid  2,   for  use  in  the 

-Ux 
equation  Y  =  Ae       .      The  equations  developed  are  to  be  used  to  predict 

trip  rates  for  the   total  trips,  boatijtig,   srviraning,  picniclcing,   and  camp- 
ing trips  for  both  cases.     The  196^  data  for  Ifeccoon  and  Cagles  I'ill  were 
used  as  well  as  the  1966  data  for  Cagles  Mil]..     The  values  were  averaged 
for  each  category  and  the  average  values  of  A  and  3  were  used  to  produce 
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straight  line  plots  on  a  scni-logaritlirdc  graph  for  cstinating  purposes 
(see  I\igiires  3  ond  I;). 

Using  Uie  estimating  lines  for  ti-lps  to   ti:iG  closest  pai'k  and  interven- 
it'jg  pari<,   one  is  able   to  prod-uce  over  95  percent  of  trje  total   trips   to   ?£>.c- 
coon  for  1965  and  to  Cagles  MLll  for  1965  and  1966.     This  estii.iate   (95 
peixent)  is  considered  to  be  enti.rely   Adequate  for  feature  planniiig 
purposes. 

Standard  statistical,  tests  nuch  as  3imiiLtfineous  3ig"niricance  Tests 
for  ii^oltiple  Contrasts  in  the  AnrJ-y-sis  of  Variance  vrere  run  on  t'ne  trips 
to   the  parks  for  tlic  varioas   tro.p  pur}X)ses   ^    ^',     The   trii'S  vxere  cjji- 
verled  to  percentages  in  oirier  to   account  for  the  difference  in  tot"! 
observed   trips  v-iiich  res-ilted  fron  the  differences  in  t>.c  nvunbcr  of  nb- 
scrv'tio.:!  days  as  veil  as   t'le  differences  in  tie  annual  attendance  at 
each  park.     Of  interest  in  tlicse  tests  was  whether  or  not   there  vrac  any 
sigrdficant  differences  for  fe  v:.rious   trips  due  ^itlicr  to  parks  or  to 
yt'-'rs. 

These  tests  sho'.ed  tliat  the.rc  existed  no   significant  dLffsrt?nce 
betvrcon  .ttccoon  and  Jagles  rill   foi'  V:\e  purpose  of  boating,   pici-.icl:iag, 
and   S'.-rij  j.dng .      J^ijn  tids  is  inferred  that  the  attraction  of  eacii  park  is 
the  c-.me  and  the  oaly  difference  in   trips  ai'ri-n.ng  at  each  parVc  can  be 
attributed  to   the  population  distiib-uoion  anjund  each  park.     More  of  the 
population  is  clor.er  to   ?x.'.cc.3on  thnn  bo  Cagles  ItilJL  and  more   trips  are 
rade   to   .laccoon  than  to   Jagles  :'ill.     Tlie  fact  tliat  the  estim^-'xing  line 
for  totnl   trips   to   tho  closest  park  lias  a  hdgher  Y  inteix:9pt   (33".li  ■^'er- 
sus  129.3)   tlian  the  line  for  total   trips  to  a  park  xifith  an  intervening 
i[).-irk,   validates  t\\e  affsunption  that  a  recreationrd   trip  desires   to  bo 
ss  short  as  p>ossible. 
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For  the  two  primary  curves   (Figures  3  and  U),  Confidence  Intervals 
were  computed  by  detennining  the  lines  for  the  average  values  of  the 
upper  and  the  lower  confidence  brjids  as  determined  by  the  standard  con- 
vergence criteria.     The  lines  appear  to  diverge  as  X  increases,  but 
actually  tlie  confidence  interval  decre.ases  as  X  increases.     The  largest 
■■/alue  of  the  confidence  band  occurs  when  X  is  zero.     This  is  due  apparently 
to  t2ie  fact  that  fever  observations  are  available  for  the  smaller  values 
of  X  than  are  available  for  the  larger  values  of  X.     In  other  vrords,- 
fewer  counties  are  closer  to   the  paries  than  are  farther  fron  the  parks, 
using  50  niles  as  a  di'/ision  point. 

Tliere  is  no  genei^ly  accepted  theoiy  for  estL'nation  of  confidence 
regions  for  non-linear  parar.eters.     I-.lien  a  regression  f'onction  is  not 
linear  in  the  parameters,    tiro  general  procedures  are  available  for 
determining  confidence  intervals.      In  one,   the  assumption  is  nade   tliat 
the  function  is  approxL^ately  lijie."r  in  the  \'icinity  of  the  optinun 
'/alue  of  the  parameter,  irliich  is  A  or  Z.     Approximate  confidence  bands 
are  then  derived  for  the  indi'/idual  pai^ameters,  or  an  exact  confidence 
region  r^-'y  be  derived   for  both  parci.ieters.     The  othei-  method  gives  an 
er-cact  confidence  interval  but  requires  that  the  function  be  expressed  in 
a  particular  forr.. 

In  the  SrL'iHE  Program,   the  pixicedure  for  obtaining  approxinate  infor- 
mation takes  into  account  the  non-linearity  of  the  nodel.     Tlie  confidence 
region  for  a  parair.eter  is  valid  only  in  the  vicinity  of  the  least  squares 
point;   outside  of  tliis  region,   the  confidence  bands  may  or  may  not  break 
doivn. 
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At  the  least  squares  point,  the  estinated  error  variance  is: 

se^  =  'l>/(n  -  k) 

A. 

lilthln  -  k)degrees  of  froedon  rjid  vrhere  §  is  the  cstL-nated  suin  of  squares 

of  the  residuals,  n  is  the  nunber  of  data  points,   and  k  is  two,   the  num- 
ber of  paraTiieters. 

If  the  assuraption  thc-.t  the  form  of  the  non-linear  model  is  correct, 
the  deviations  of  the  parameter  estiniates   (A  and  3)  from  their  true 
values  are  due  to  the  random  error  in  tl;e  data.     The  variance  ratio  is 
distributed  approximately  as  the  ?  statistic: 

^  /(n  -  k)  =  ^(1  -  g)^"^^   "  -  ^^  .    ^-^' 

where  1'  is  the   Ta.n  of  squares  of  the  I'esidual  and  F(l  -  a)  is  the  value 
from  the  ?  statistic  tables.      In  the  SVAHE  Program,   a  value  of  li.O  is 
used. 

The  procedure  is  to  claoose  a  confidence  probability   (1  -  a)  and  by 
using  equation  10,    to  determine  tiie  critical  value  of  ^.      .Ifter  the 
critical  value  of  #  has  been  est'blished,   all  parameters  are   then  -varied 
one  at  a  tLme  by  trinl  and  error  techniques  to  determine  upper  and  lower 
confidence  limits  for  the  vnlues  of  each  parameter         ''.     Tlie  critical 
value  of  §  is  printed  as  ou':put  alont^  v.-lth  tjie  non-linear  confidence 
values  for  each  parameter. 

Trips  by  Purpose 

In  oixler  to  determine  what  psrcentaj-e  of  the  total  trips  each  trip 
purpose  produces,  two  tables  were  developed.  Tiie  first  (Table  3)  shows 
the  percentage  of  total  trips  contributed  by  each  sin^jle  puri^ose,  no 
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TABU:]  3 
STNGLS  PURPOSE  TRIPS  IN  PERGEI^T  CF  TOTAL  AIHIIIAL  TRIPS 


naccoon  1965 

eagles  Mil  196$ 

Cagles  Mill  1966 

Boating 

11.1 

.    9.6 

18.2 

Camping 

3.2 

"  ii.8 

5.1 

Picnicking 

6.5   • 

5.7 

6.5 

Svdjnirdng 

12.3 

12.1 

13'.  2 

TABLE  h 


MULTI-PUiyOSE  TRIT-S   EJ  PERCKIT  0^  TOTAL  AIIIJITAL  TRIPS 


Raccoon  1965  Cagles  r.lll  1965  Cagles  Kill  1966 


Boating 
Camping 
Picnicking 
Sifiinining 


36.9 
18. li 
32.3 

38.1 


37.6 

25.7 
36.1. 


hi.i 

13.  li 
21.6 

31.9 


la 


multi-purpose  trips  are  included.      The  second  table   (Table  i^)  is  considered 
to  be  more  useful  in  explaining  the  trip  purposes  because  it  contains  the 
multi-purpose  trips  as  well  as  the  single  purpose  ti-ips  for  each  purpose. 

One  conclusion  that  can  be  made  is  that  svdjnming  is  the  most  pre- 
ferred activity;   followed  in  oixier  by  boating,   picnicldLng,   and  cainping. 
(See  Table  5. ) 

Arrival  distributions  were  plotted  in  order  to  detennine  the  arrival 
patterns  both  for  total   trips  and  for  each   trip  purpose.      Considerable 
variation  exists  among  the  days  of  the  weekend,    Friday,    Saturday,   and 
Sunday   (see  Figures  S,  6,   and  7).      The  only  major  difference  between 
parks  was  noted  in  the  magnitude  of  trips  per  hour.      This  effect  however, 
has  already  be  explained  as  being  due  to   the  popixlation  distribution 
around  the  parks. 

Saturday  and  Sunday  arrivals  shov;  variations  primarily  in  the  n^omber 
of  arrivals,  not  in  the  distribution  of  arrivr^J.s   (see  Figures  8,   9,  and 
10).      I'Yiday  arr^-vals  show  a  distinctly  different  pattern   (see  Figures 
0,    9,   and  10).      This  resiilts  from  a  greater  proportion  of  Friday  arrivals 
being  campers  who  intend   to  stay  all  weekend   (see  Figures  11,   12,   and  13). 
Saturday  and  Sunday  arrivals  are  prira-^rily  for  one  day  visits.      The  late 
hour  arrivals  for  Friday  are  perhaps  explained  by  reasoning  that  the 
tiT-ps  begin  only  after  the  completion  of  the  Friday  work  day  hours. 

The  values  for  the  arrival  distributions  were  obtained  by  averaging 
the  summer  weekend  observations  for  the  months  of  June,    July,   and  August. 
From  Figure  iLi,   it  can  be  seen   that  less  than  30  percent  of  the  total 
annual   trips  to  a  park  are  made  prior  to  June.      By  the  end  of  August, 
more  than  90  percent  of  the  total  annual  trips  have  been  made.      Tlie 


TABLE  5 

TRIP  PURPOSE  n;  p:];rcei;t  of  total  aijiiual 

TRIPS,   averaged  for  ALL  ?kBK3 


Boating 

iiO.O 

Camping 

19.9 

Ticnicking 

30.0 

SvrLnining 

h2.0 

taple  6 

avemge  trip  purp'032  hj  percent  itr  suiuclr  :«ijtms 

(   JinrE,   .FJLY,    AUGUST) 
Raccoon  1965  Cc-^les  Fall  ]965  Cagles  lill  1966 


Boating 

36.0 

Camping 

18.6 

Picnicking 

32.0 

Swimming 

U2.C 

36.0 
21.0 
33.3 


^(^  - 
:j:-  -^ 


3}.0 
16.0 
2$.$ 
U5.5 
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FIGURE       5 
TOTAL      TRIP      ARRIVALS      TO      RACCOON      IN       1965 
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TOTAL      TRIP      ARRIVALS      TO      CAGLES     MILL         IN      1965 
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TOTAL      TRIP      ARRIVALS      TO       CAGLES      MILL  IN      1966 
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FIGURE    13 
CAMPING       ARRIVALS   -   CAGLES     MILL  1966 
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SWIMMING      ARRIVALS    -RACCOON       1965 
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ARRIVALS   -   CAGLES     MILL 
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arrival  rate   for  the  months  other  than  JimSj    July,   and  August  vrill  be 

nuch  less  than  those  plotted  in  the  figures.     These  figures  nay  be  used 

as  the  average  arrival  rates  and  daily  distributions  for  the  parks  involved. 

The  msximm  n\unber  of  trips  observed  in  one  day  was  a  Sunday  when 
13li8  trips  were  Sc?-mpled  at  Raccoon  State  Recreation  Area. 

Figure  21;  shows  the  trip  rates  by  purpose.  The  values  were  deter- 
mined in  the  same  manner  as  were  the  values  for  total  trips.  The  plots 
show  the  relative  attractiveness  of  each  acti'/ity. 

Of  interest  is  the  relationsliir  of  the  curv^es  to  esch  other  in  terms 
of  distance.     For  distances  of  less  than  30  miles,   stdjnming  as  a  trip 
producer  is  ahead  of  all  the  others;  beyond  30  miles,  boating  becomes 
more  attractive  than  swimming j  beyond  h5  miles,   picnicking  is  the  most 
attractive;   and  camping  is  the  most  attractive  beyond  70  miles.     The 
curves  for  boating,   picnicking,    and  caiaping  tend   to  converge  vrith  an 
incre-nse  in  distance  vriiich  indicates   that  as  the  distance  increases  the 
trip  purpose  lias  less  effeot  on  tlie  trip  rate.      It  may  also  indicate  that 
ir.ore  multi-purpose  trips  are  made   for  longer  distances  than  for  shorter 
distances. 

The  curve  for  SMLiu'iing  reflects   the  fact  that  swimming,   as  a  separate 
activity,   can  be  satisfied  closer  Lo  Iior.ie  than  can  most  other  activities. 
Also,    the  high  rate  for  short  distances  reflects  tlie  desire  of  many  people 
for  a  short  duration  trip  for  a  si-riLm,      Tliis  can  also  be  inferred  from  the 
arrival  distributions  vrhica  show  the  svriLrimiiig  arrivals  to  be  later  in  the 
day.     Tlie  1966  data  was  not  used  because  of  the  lack  of  sv/imming  at  Rac- 
coon.    It  is  felt  that  the  swir.Tming  rate  at  Gagles  ffiLll  would  also  be 
affected  since  the  two  parks  ai-e  not  veiy  far  apart.     Some  of  the  trips 
that  normally  would  have  gone  to  Raccoon  ivent  instead  to  Cagles  Hill, 
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Persons  Per  Trip 

The  average  number  of  persons  per  trip  is  shovm  in  Tnble  7.     The 
values  were  obtained  by  dividing  the  total  mjunber  of  people  sampled  who 
visited  a  park  in  o  year  by  the   total  nunber  of  trips  sampled  in  that 
same  year.     There  is  no  significant  difference  among  the  valxies,   the 
average  value  being  3.69  persons  per  trip. 

TABLE  7 

a'/hrag!:  ioji-ss?.  cf  picrsoi^s  per  trip 


196$  1966 


Raccoon 

^.72 

Gagles  Kill 

3.Gb 

14>ni^e 

:..8o 

3.U0 
3.63 
3.63 


Table  8  shoiTS  the  average  nunber  of  children  per  trip  for  each  park 
for  each  year.     It  should  be  noted  t'.i-t  for  tiie  parks  and  years  when  swim- 
ning  was  not  allovred   the  number  of  child re;^  per  trip  was  less  than  1.0 
and  when  swimming  was  permitted  the  value  was  greater  than  1.0. 

TABLE  8 
AVERAGE  IfuMBER  0?  GIIIJDREN  PER  TRIP 


19o$  1966 


Piaccoon 

1.09 

Gagles  Kill 

1.16 

>bnroe 

0.93 

0.81 
l.Olt 

o.es' 
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Some  knoTrledge  of  the  riaximum  expected  weekend  volime  could  be  of 
interest  to  ploiners.     In  order  to  detennine  the  riaximum  weekend  attend- 
ance,  the  maximum  number  of  trips  for  a  weekend  for  Piaccoon  and  Cagles 
liill  were  found  for  1965  and  1966.      Tlac  State  Department  of  Natural   Ptesources 
weekly  tally  sheets  were  used  in  order  to  obtain  the  e:cact  number  of  trips 
for  Cagles  ItHl  in  1966.     Sufficient  data  for  1965  were  not  available  since 
only  "bbreviated   bally  si;eets  were  riade  available.      For  this  reason,    the 
observed  study  values  for  the  liighest  voluiie  weekend  wei^e  used. 

The  results  are  ^i'-'sn  in  Table  9  and  are  stated  in   tenns  of  percent 
of  total  annual  trips  as  listed  by  the  Department  of  !Iatural  Resources. 
The  average  value  is  6.9  percent. 

TABLE  9 

PSRC^rr  0?  TOTAL  AlNirWAL  TIOIS  OCCUaTiU'IG 

o::  ::Axr:nj2i  vdluig  i'/r:i;K:3iD 

To  tal  I-Iaxiniun 

Annual    Trips       'Jeekend  Volinae       Percent  of  Total 

1.8 

7.9 

8.1 


1965  Raccoon 

57AU6 

2,770 

1965  Cagles  Fill 

3Q/o<$S 

2,li31 

1966  Caglef;  Kill 

la,  322 

3,329 

The  maximum  nvunber  of  trips  occur  on  Sunday.   For  any  weekend  when 
weather  conditions  are  similar,  Sunday  vdll  have  the  maximum  volume  of 
arriving  trips.  For  the  maximum  weekends  listed  in  Table  9,  the  daily 
breaicdovm  is  listed  in  Table  10. 
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TABLE  10 
DAILY  TRIPS  OIJ  I'lAXT-nJII  VOLITIS  l>?SEKSrTD 


Fei'cent  of  Weekend 
Trips  Occuring 
Sunday       Saturday       Friday  As  Sunday  Trips 


1965  Raccoon  1,13.9  865  h9h  51.0 

1965  Cagles  I'lll         1,276  7l;8  hOJ  52.5 

1966  Cagles  vm        1,938  766  625  57.2 


For  planning  purposes,    the  laroajmun  volui^.e  that  ;vlll  be  expected  can 
be  computed  easily  from  the  estimated   total  arrival   trip  volume.      Since 
the  Sunday  tilps  of  the  maxir.iajn  \iolume  weekend  account  for,  on  the  avera.ge, 
53.5  percent  of  the   total  trips,    0.535  multiplied  by  6.9  percejit  of  the 
total  annual   trips  vrill  give  an  estimate  of  the  majcimiim  number  of  trips 
that  can  be  expected  in  one  day.     Tlierefore,   approximately  3.7  percent  of 
the   total  annual   trips  can  be  expected  as  the  maximum  daily  volur.e. 

fietum  Visitors 

Tiie  percentage  of  ^^dsitors  who  visit   the  par'rs  more  tlian  once  in  a 
year  ^^ras  determined  by  the  letter  interviews  conducted  during  the  fall 
and  winter  of  1965.     Eighty-tlii^e  percent  of  those  who  sent  back  the 
questionnaires  indicated  that  they  liad  visited  the  parks  more  than  once. 
The  average  number  of  "/isits  to   that  park  per  person  interviev:ed  vras  3.5. 
Tlie  percentage  of  multiple  visits  may  be  taken  as  a  measure  of  user 
satisfaction.      Comr.ients  on  the  questionnaire  indicated  little  dissatis- 
faction I'Tith  the  type  of  facilities  available  or  id.th  the  manner  ±n  which 
the  paries  are  operated. 
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Land  Value   Change g 

In  order  to  Investigate  the  land  value  increases  in  the  vicinity  of 
a  reservoir  and  to  measure  tliis  effect,  land  value  ixifonnation  was  obtained 
£roin  the  deeds  on  file  in  the  respective  county  courthouses.  Two  ginups 
of  land  values  were  detemined  for  each  reservoir.  One  group  tras  desig- 
nated the  control  group  and  consisted  of  randomly  selected  parcels  of 
land  that  wei'e  not  vrithin  five  miles  of  the  reservoir.  7l\e  second  group 
was  composed  of  land  parcels  irithin  one  mile  of  tJie  reservoir. 

Land  value  vms  deteinined  from  the  Federal  Revenue  Stamps  required 
on  deeds.      These  stamps  s.re  placed  on  the  deed  and  give  a  measure  of  the 

stated  purchase  price.     Previous  work  by  tliis  author  has  shotm  this  method 

fl'^) 
to  be  effective  . 

Cnly  unimpix)ved  parcels  v.-cr-e  considered  since  tliei^  is  no  practical 
way  on  the  deed  to  separate  the  cost  of  improver.ents  from  the  cost  of  the 
land,     ■'^arcels  that  were   transferred  between  related  persons  were  also 
ignored  as  the  cost  of  land  in  such  trrnsactions  may  not  represent   the 
Irae  value  of  the  land.     Land  bought  by  the  Government  was  not  included 
in  tiie  sample. 

In  order  to  make  comparl.sQns,  the  average  cost  of  n.n  acre  was  deter- 
mined for  both  groups  of  land  for  eacli  park  for  two  year  periods.  Ttfo 
year  periods  were  used  in  order  to  have  enough  samples  for  a  menningf'jl 
average.  Ihe  revolts  are  sho^m  in  I=lgiji-es  25,  26^  .and  27.  Tlie  cnn/es 
vrere  fitted  by  linear  regression  techniques.  It  is  evident  that  there 
is  a  difference  in  the  value  of  land  near  ?  reservoir  in  comparison  to 
similar  land  that  is  not  ne^r  a  reser'.'oir.      Thiere  seems  to  be  quite  a  bit 
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of  variation  among  the  reservoirs  as  to  cost  dirferential.     The  first 
value  plotted  for  each  curve  is  for  the  two  year  period  when  the  Govern- 
ment begrji  bujring  land  for  the  reservoir. 
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APPLICATIOI.   OF  P:SDICTI0.\'  TliCJEIIQUE 


Total  Annu'Ll  Tri:"   Pi-f^di.-.tions   for  '..'ildcrit   Puesenroir 
"  for  1975  Slid  1950 


In  order  to  clarify   Hie  procedurs  used  to   ostiniate  future  trip 
attractions  to  a  reservoir,   an  e:>:?.raple  will  be  illustrated.     Wildcat 
Reservoir  has  recently  been  authorized  for  construction  hj  the  United 
States  Congress.      The   Aeservoir  will  be  located  on  Wildcat  Greek  a  few 
miles  east  of  Lafayette  and  it  is  anticipated  tliat  recreational  facili- 
ties will  be  developed  that  are  sLiiilar  to   those  in  the  parks  that  were 
studied.     1975  arid' 19S0  vere  selected  as  the  design  years  for  the 
example. 

As  the  sxr.ct  location  of  the  p?rk  is  not  l^iown,   it  is  assumed  to  be 
five  miles  cast  of  the   center  of  Lafayette.      The  first  step  in  problem 
design  is  to  list  all  counties  ^cLthin  125  road  miles  of  this  location. 
The  determination  of  which  counties  are  closF-r  to  some  other  siirolar  par!-: 
than  they  are   to   the  pixjposod  V.'ildcat   Ffeser^'oir  Park  was  tlie  second   step. 
For  this  example,    Indiana  Dunes  was  assuified   to  be  a  similar  facility. 

The  population  projections  used   for  this  example  are  the  best  esti- 

"^etes  for  each  Indiana  Cou:"jty  rs  estimated  in  a  report  by   the  Graduate 

'  (l6) 

School  of  Business  of  Indiana  University  .     Gf  the  three  projections 

for  each  county,    the  recommended   estimates  ^vere  used.      A  straight  line 

projection  of  the  1950-1960  census  d>-^t<"  was  used  for  Illinois  Comities. 
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The  next  step  is   to  detenrdne  the  projected  1975  pop-CLlr.tion  for  oich 
comity  within  125  ndles  of  the  reservoir.      The  method  is  therefore  respon- 
sive to  changes  in  the  en\'lronrnent  end  it  c~n  be  brought  up   to  date  by 
modifying  only   those  parameters  vhich  have  chanjed.      The  entire  estiiriat- 
ing  procedure  need  not  be  redone  each   tijiie  a  chrujge  is  necessary;    the 
flexibility  of  the  process  nerns  only   the  affected  portions  need  to  be 
adjusted.      Foi'  tiiis  example,  no  attenpt  has  been  made   to  ?ccomit   for 
possible  changes  in  the  trip  rates. 

The  tirlp  rates  for  each  county  for  total  trips  are  found  by  using 
Figui-^  23  for  tot^l  aniiu'l  trLps  to  the  closest  park,  Pirure  2?  is  used 
to  find  tot3l  3nnu?.l  tri7S  to  a  p-rk  vri-Ach  is  influenced  by  an  intei^'en- 
ing  park.  The  res'olts  \re  siiovm  in  T'ble  1?..  The  total  citjiu-I  trips  are 
56,320.  The  nu-uber  of  totrl  annunl  trips  is  mixltiplied  by  1.20  in  order 
to  include  in  the  estii.iate  the  20  percent  of  tilps  thrt  origin  be  beyond 
125  r;iiles  from  the  park.  The  result  is  the  estinated  total  .annual  trips 
to   the  resei'^/oir,   c7,^}'l'. 

The  entire  process  w.-^s  repeated   for  1?C0.      Tlie    trip  rates  r,rc  iden- 
tic.^1  ijith   the  1975  projections,    but  county  population  estL'natec  are 
chringed.      Total  aiinual  trips  predicted  for  19C0  -re  estimated  73,333. 

As  additional  population  dnt"  becor.es  available,    the  estimates  can 
be  adjusted  easily.      Po^ad  distance  est.i;:iates  can  be  modified  also  as 
improvements  are  made  in   the  highway  network. 

The  procedure  can  be  summarized  in  the  folloT-Txng  manner: 

1.  Determine  the  location  of  the  park. 

2.  Ijocate  other  simil-r  parks. 

3.  Detennine  the  road  miles  from  counties  ^.jithin  125  miles  of  the 
park. 
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h»     Deteimine  which  counties  are  closer  to  some  park  other  than  the 
one  of  interest.     List  these  in  Table  17,  page  106,  Appendix  G. 

5.  list  remaining  counties  in  Table  16,  page  105,  Appendix  G. 

6.  For  coiJinties  in  Table  17  detortnine  Y  from  I^gure  28. 

7.  For  counties  in  Table  l6  determine  Y  from  Figure  29. 

8.  alter  cotinty  population  estimates  for  design  year  in  Tables 
16  and  17. 

9.  For  both  tables,  multiply  Y  times  population  and  sum  aTT 
projects  for  each  table  and  enter  sums  in  Table  18,   page  107, 
Appendix  C. 

10.     Add  the  total   summation  of  Tables  j6  and  17.     >fultiply  this 

sum  by  1.20  to  account  for  trips  originatiiig  beyond  12^  miles. 
Tlie  product  is  the  estimated  total  annual   trips. 
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COMCLUSIOKS  AT'D  RSC0MM5!>nDATI0NS 

The  objective  of  this  res-^rrch  was  to  develop  a  method  of  predict- 
ing attendance  for  recreational  purposes  at  new  reservoirs.  The  method 
developed  by  this  research  appears  to  be  an  effective  tool  for  predict- 
ing  future  recreational  attendance  at  reservoir  parks.  The  model  Y  =  Ae  ''^ 
is  able  to  produce  accurate  trip  estins.tes  to  a  reservoir  if  the  trip 
rates  are  placed  into  two  categories,  trips  to  t"ae  closest  park  and  tirlps 
irith  an  intervening  park. 

The  nodel  for  the  case  of  totcj.  snnunl  trtps  to  the  closest  park  is 

_g  c^Y^l" 

Y  =  338.1,'e  '''        ".  ^.'hen  there  is  an  intervening  park,  the  model  becomes 

-0  )i87^^ 

Y  =  129. 3e       .   Distajice  measured  in  tens  of  miles  and  population 

measured  in  thousands  are  the  two  variables  necessary  to  use  the  equa- 
tions which  will  prodjce  annual  tnp  rates  for  a  county. 

The  method  developed  is  able  to  predict  future  attendance  with 
reasonable  accuracy  based  on  distance,  population,  and  the  influence  of 
similar  parks.   In  contrast  to  t!ie  previously  developed  models  wliich 
require  ma)iy  socio-economic  and  park  ciiaracteristics  variables  wliich  are 
difficult  to  measure  and  evaluate  and  extremely  difficult  to  project, 
tliis  model  is  probably  as  accurate  and  is  much  simpler  to  use.  Tae.   model 
is  adequate  for  advanced  planning  purposes  and  can  be  used  to  predict 
reservoir  attendance  and  traffic  voliune  estimates. 

Statistical  evidence  indicates  that  there  is  no  significant  difference 
between  parks  of  similar  type  with  regard  to  their  ability  to  attract 
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•t/isitors.  There  is  one  attrsction  rate  for  trips  to  a  reservoir  that  is 
closer  to  the  point  of  trip  origin  than  another  reservoir  and  anotiier 
attraction  rate  for  trips  when  there  is  another  reservoir  closer  to  the 
point  of  trip  origin  than  the  reservoir  being  considered.  The  difference 
in  attraction  rates  substantiates  the  assunption  that  a  trip  desires  to 
be  as  short  as  possible.  People  ;^11  not  go  past  a  park  to  get  to  another 
that  has  sirdlar  facilities. 

The  coiinty  trip  i^te  to  a  pnrk  is  .also  directly  related  to  the  dis- 
tance between  the  county  and  the  park;  the  longer  the  distance,  the 
smaller  the  trip  rate  per  1000  popiilf  tion  for  that  county. 

The  attendance  at  any  proposed  site  is  dependent  on  the  popiilation, 
its  distance  from  that  park,  and  the  location  of  other  sinilar  parks  vrith 
regard  to  the  location  of  the  population.  Tliese  parameters  ai^  easily 
understood  and  readily  available  to  any  planning  agency.  Distance  can  be 
determined  fron  an  official  stnte  liighiray  map.   Population  data  and  pro- 
jection teclmiques  are  common  tools  for  the  planner. 

GroTrth  of  the  trip  rates  is  a  possibility,  but  was  not  included  in 
tills  report  because  a  two  year  tLae  period  is  not  sufficient  for  an 
accurate  exardn.:. tion  of  the  possible  changes  in  trip  rates.  Tlie  continu- 
ing phase  of  this  project  should  investigate  possible  grovrth  of  the  trip 
rate . 

Tlie  trip  rate  appears  to  be  a  handy  tool.   The  high  correlation  index 

2 
values  (R  )  for  total  trips  (.01;  to  ,97)  indicates  that  the  trip  rate 

technique  was  effective  in  eliminating  county  population  variations.  The 
correlation  index  values  also  tend  to  validate  the  assunption  that  socio- 
economic factors  and  park  facility  quantities  can  be  considered  uniform 


( 


85 


in  that     all  parks  tend  to  di-av  trips  fron  wliat  is  essentially  a  uniform 

cross  section  of  all  types  of  socir3l.  and  econonic  population  groups. 

o 
Tlie  single  purpose  ti-ips  have  correlation  indices   (R'")  that  are 

smaller  than  those  for  total   trips.      Tl:e  single  pixrpose  trips  were  used 
only  to  establish  the  relative  attraction  of  each  purpose  and  no  attempt 
was  made  to  predict  attendance  based  on  single  trip  purposes.      It  is 
difficalt   to  isolate  the  influence  of  a  single   tilp  puiT»ose  fron  the 
muH-ti-purpose  trips. 

The  changes  in  land  value  surrounding  the  resei-'/cirs  studied  does 
not  appear  to   K>:hibit  related  behr.'/ior.     V/liile  the  -/filue  of  land  iidthin 
one  rile  of  a  reser'/oir  invariably  shows  a  substantial  increase  over  the 
control  propc'Tty,    the  difference  in  value   varies  considerably  between  the 
three  parks  studied,      lids  isjioirevery  due  in  part   to   the  variations  in 
the   soil,    terrain,   and  otlier  factors.      i-\irtiier  study  sho-uld  be  made  in 
order  to  develop  a  more  usefijj  method  of  meaisuring  chang^f^  in  land  value. 
We  lack  of  corrclntion  between  the  land  values  observed  iri   the  study 
precludes  any  inferences  on  estimating  land  value  changes  at  other  loca- 
tions,  othei'  than  to   say  that  some  increase  will  occur  i-rithin  one  mile 
of  tlie  reservoir.      This  incre.'^se  is  attributed  to  recreation  since  there 
can  be  no  other  logical  explanation  of  the  increase.      The  increase  in   the 
number  of  s^abdivided  parcels,    restaurants,  bait  shops,   and  other  service 
facilities  indicates   t!ie  res  son  for  a  good  portion  of  the  increased  land 
values. 
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ACTP/ITY  CODB 

B  -  ?oating 

C  -  Camping 

?  -  Fishing 

H  -  imdlng 

L  -  Lool-n.ng  around 

P  -  Picnic 

3  -   avinriiiiig 

0  -  ether  (make  note) 


J  -  Itoat 

K  -  Camping  tr-.iler 

M  -  House  trailer 

N  -  Camper  (bus,  truck,  etc, 

FIGURE  31.  Activity  Code 
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1.  Approximately  how  many  times  did  you  visit  lieber  State  Tark 
during  1965?  . 

2.  Have  you  ever  visited  this  park  before  1965?  Yes ,  No 


3.   Is  it  likely  that  you  trill  visit  this  park  again?  Yes ,  IIo 

U.  V.'ere  you  satisfied  with  the  existing  facilities?  Yes ,   IIo 

Comments 


$,     VTliat  facilities  would  you  lil-re  to  have  added  to  the  par^c? 


6,     Flease  give  "n  estimate  of  the   total  nui-,ber  of  recreational   trips  of 
tliis   type  that  you  made  in  1965  to  all  Parks. 


FIGUIE  32.      Interview  Letter 
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APPSI'IDIX  B 
3TJICIARIZATI0II  FROGHA:-!  ?0R  109h  GO'iFUTER 

This  progran  uses  j'CRTPJUv   TJ  Computer  language.      The  input  to   the 
program  is  the  ±nter^rie\^  information.      Ee.ch  intervievj  is  one  entry,      /ill 
interviews  are  mounted  on  tnpe  njid  are  on  file  Tiith  the  Joint  liighway 
Research  Project. 

The  advantage  of  this  program  is  that  each  trip  is  recorded  only  once 
for  anj"  summation  regardless  of  w"J.c;i  t^-pe  of  trip  or  trips  is  oeing  sum- 
med.    Trips  can  be  summed  for  any  coimty,   park,    state,    tiup  purpose,  day, 
month,   hour  of  arrivaj.,  -.reather  conditions,   or  by  eqxiipnent  carried. 
Any  desired  combination  of  the  above  can  also  be  used  for  summation  of 
trips. 

Logical  I?  statements  can  be  inserted  to  aciiieve   the  desired   Eromma- 
tion.      If  statements  are  inserted  after  card   statement  3,  which  is   "3 
IF(PK.1T.3)  go   to   206."    If  for  example,    the  statement  I?  (PER.N.E.l )  Go 
to  1  is  placed  into   the  pro£r.?iTi,   only  25  percent  samples  will  be  summed. 
If  any  other  percentage  value  is  in  the  percentage  colijimn   (PSR),    that 
data  entry  is  rejected  and  the  program  reads  the  next  entr^'-.      If  the 
logical  IF  statement  is  not  satisfied,   then  the  pr-ogram  goes  to  the  next 
data  entry.      The  summation  program,   utilizing  over  13,. 000  data  entries, 
is  able  to  complete  a  sujrmation  in  approximately  1^0  seconds. 


i 
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SU:!TIATIOi;  rSDGRAI'I 


$  IBS  IS 
$I3SYS 

•  $*   mmiT  TAFr.  fuodue  20U  on  a$,  .••r^c  out,  low  dhijsity 

$PAUSE  CO?<TI,iUS  W:i3!  PIIADY 

OFSR.   ACTION  PAUS2 

..co:iTr:';E:G 


$ArTAc:i 

A5 

;pA3 

SYScia 

,LO>r 

$7.X:^CUT^ 

I3J03 

IBJOB 

TZj 

:3I0N  5     :A3 

GC! 

:t.t^ 

r 

$I3JC3 

$I3FTC  KAIN 

LJTTO^^  BC(2,3),:;o(?,3),?^(:,3},PO(2,3},oc(?,3},sc(?,3),x(2,3),L 
10(2,3),3C(?,3),;57(2,3),3F(?,31,BS(2,3),BIT(2,3),:f(2,3),CF(2,3),:S( 
22,3),'::i(2,3),-(2,3),vS(2,3^F:i(2,3),FS(2,3),F.i(2,3),3-:(2,3),PC:r(2 

3,3),3Cr(2,3),-03(2,3V^C;i(2,3),3rP(2.3)/i:^3(2,3),3FH(2,3),I3?S(2,3) 
Ii,3F:i(2,3),33:i(2,3),3?r(2,3),3F3(2,3),Crti(2,3),CP3(2,3),3P:i(2,3),C3 

5:i(2,3),FF3(2,3),^M(2,3)v^>i(^>3),F3;:(2,3),^CIT(2,3),BCP3(2,3),BC^ 

6:^(2,3),BCF3(2,3),XF:i(?,3),3n3(2,3),ol'T;r(2,3),RC3:i(2,3),Br3fl(2,3) 
7,G.T3(2,3),3FKl(2,3),3F3;;(2,3),FF3;l(?,3),3P3:i(2,3),BF3ii(2,3),nC:T3 
9(2,3),B3rp;:(2,3),3!T5:i(2,3},rvCF3:;(2,3},3CP3H(2,3),Cl'T3;{(2,3),BC)'TS 

A.i(2,3),PK,^:R,F3:^.,^,3,r,F,r_,3,::,L,F30FL-:,  Mo::?.;,  goliity,  sta?3 

I4OI  DO  502  1=1,2 
I;02  DO  5C1  J=l,3 
U03  BO(I,J)-0 
UoU  GC(l,.J)-0 
U05  A'(lv-0=0 
liOo  P0(I,J)=0 
!i07  oo(l,J)=o 
L1O8  30(I,J)=5 

UQ9  :ic(i,j)=o 

laO  LC'(I,J)=0 
lai   B3(I,J)=0 

hl2  B;-(i,J)=n 

ia3  3P(i,j)-o 

laU  33(I,J)=0 

ia5  3ii(i,.j)-o 

I1I6  CF(I,J)=0 
I4I7   CF(I,J)=0 


] 
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TABLE  1!;    (cont'd.  ) 


iaB  QS(l,J)-0 

Ul9  CH(I,J)=0 

U20  FP(I,J)=0 

U21  ?3(I,J)=0 

li22  FH(l,J)-0 

1^23  ?S(I,J)=0 

U2U  rM(i,j)=o 

1;25  311(1,  J  )=0 

U26  BCF(l,J)-0 

U27  BCP(l,J)-0 

li28  3C3(I,J)=0 

h29  BCIl(I,J)-0 

U30  BFP(I,J)=0 

U31  3?3(I,.T)=0 

h32  B?:!(i,J)=o 

U33  BP3(I,J)=0 

L;3U  BPH(I,J)=0 

Il3:^  B3H(l,.J)-0 

h36  OFF(I,J)=0 

U37  CF'3(l,j)-0 

h3'i  GFH(I,J)=0 

li39  CPS(I,J)=0 

UUO  CF.^(I,J"!=0 

U^  ^3;i(i,  ;)-o- 

I;!i2  7P3(I,J)=0 

U;3  F?;!(I,J)=0 

WiU  I^3H(I,.T)=0 

UU?  PS,.(i,.;)=o 

h}x('  3C^P(I,J)=0 

hhl  BGFS(I,.;)=0 

Uii8  3CFII(I,J)=0 

1.J49  B^P''.(:,J)=o 

l?0  BC^'l(i,J)=0 

hCi  BF.r5(i,j)=o 

!i;2  2:-?::(i,.:)=o 

h'■'^  3G3ii(i,.;)=o 

h^ll  BP3Il(l,J)-0 

lil^5  :?}^3(I,J)'0 

.';;6  C?P.I(I,  J)=0 

u.'?7  CFSHa,J)-C 

a<8  FPSII(I,J)=0 

1-.59  CF3:r(i,j)=o 

h60  BF3;i(I,J)=0 

h6l  3CFF3(I,J)=G 

h62  BCFPIi-(l,.l)=0 

U63  BFPSII(I,J)=0 

h6h  3CF3i:(l,J)-0 

I465  3CP3.[(I,J)=0 
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TABL3  1^   (cont'd.) 


k66  GFP3II(I,.I)=0 
hSl   BCFP3:I(I,J)=0 
^01   COIITErJE 

502  coi-irrnra 

1  ZSjID   (8,2)  PK,:K!NiTH,YR,PEH,C0UlJTY,3TATE,FECPLE,r<,':,r,F,C,3,'I,L       ihl 

2  FOIfilAT   (n,3X,I2,|.r,n,5X,ll,I;X,I2,TX,I2,3X,X2,U:(,8ll) 

3  IF   (Fi:   .GT.3)   X'  TG  206 
h  IF   (FiR   .:JS.1)  GO  TO  1 
^  I  =  YR 

6   J  =  PK 

10  IF   (3.3Q.I.AIID.C.3Q.C.Ai:D.r.2Q.C.Al-,"D.F.nX3.C.;j:D.3.i;Q.0.AI,'D.H."Q.0) 
100  TO  76 

11  IF   (B.SQ.0.A!-I).3.3Q.l..«nD/i^3Q.0.AIID.P.T5Q.O.^\^D.3.-iX;.0.A-JD.  •.7,Q.G 
100  TC  70 

12  I?   (E.3Q.0.Alir.C.3Q.O.AIID.F.':Q.l.AIID.r.jX3.r.A:;D.3.EQ.0.A]\'D.:!.3Q.o; 
IOC.  TO  So 

13  IF   (B.-^.r..(iITO/:.HXJ.O.AITD.F.EQ.0.AND.P.EQ.l.AIJD.S.'J);.O.AJ©.H.3Q.O: 
100  TC   82 

lU  IF  (3.^.Q.;\.'UD.:..:«/  .A!fD.-^Fo."..yTOj  .3;.v..ii;r.;;.x.:  ..4:'X'.  ".3Q. 

IX  TC    % 

i;   IF   (r..j)Q.    .AKD.'^.EQ.r..'U-ID.".-.3Q.::.AlJD.F.EQ.'.AI.ID.'  .3Q.1.A:;D.3.3Q.0, 
1A1^ID.1:.3Q.^.)  GO  TO  8^. 

16  IF   (E.3Q.-'.AiID.C.EQ.    ..yJD.r,;:XJ.G.AI':D.F."Q.    ..ya3.3.aQ..?.Airo.  ;.FQ.l ! 
IX  TC  38 

17  IF   (F.3Q.0.AI^T'.:..3Q.-.AIIDJ\EQ.'  .AJHD.F.'^^Q.  ■  ..AIT^.J.nXJ.O.AIJD.K.EQ.C 
lAlJD.T.lX;.!)  X  TO  90 

15   IF   (P.SQ.l.Airo.:.^.l..AIJD.r.EQ.i  ..\IJD.}  .F/2.^.AIJD.,"..3Q.0.AI■ID..:.3Q.'■• 
1X  T;    }2 

19  IF  (:.7;Q.i,.yn:.  ,.TQ.c.Airo.F.EQ.T.AKD.r-.EQ.(  .Af-iD.:,;.:^x^.o.Ai'iF.  :.^..-, 
IX  Ti   ;U 

20  I?   (■  .jX).l.AliF.'.'^.'".A:TD.i\^Q.C..«ID.?.EQ.l.A:T3.3."^.'~.AJTD/".:5Q.o; 
130  Ti     9c 

21  IF  (;.3Q.i.;j;d.^;^.' .A::D.:'.:iQ.r.yijip.F.3Q.r.AiiD.3.-3Q.i.Aiw.;:.!i;Q.o: 

IX  TO  96 

22  IF   (r.:T'..l.A::?.^X..'-.'.AIin.  ■.']Q.0.AND.F.2Q.;  .A1JE.3.EQ.0.AHD.'I.3Q.1 ; 
IX  TO  100 

23  IF   (3."QX\A:aD.C/..]Q.l.A:3.  ■.3Q.l.AI'II).F.'^Q/'.A-..T).3.g3.''^.-'iiID.a.3C:.0; 

IX  TC   102 
2li   IF   (r>.FQ.O.A:©.C.3Q.l.Airo.^-\3Q.O.Ai;iJ.F.FQ.l.AI'D.3.EQ.O..i::D.J.3Q.O 

IX  TG  lOli 

25  IF   (3.3Q.0.Ai;D.rj.FQ.l.A:n).F.FQ.0.AIID.F.3Q.''.Al!D.3.FQ.l..AJT/.fI.EQ.0: 

IX  TO  106 

26  IF   (B.EQ.0.AlNnJ.n.3Q.l..AJIIi.F.FQ.r.A'ID.F.3Q.n.A:rD.3.-^.r.A!Tn.'{.];X5.i; 

IX  TO  108 

27  IF   (3.3Q.O.AJ>yD.C.SQ.n.AITD.F.EQ.l.AriD.F.SQ.l.AND.S.SQ.r'.,mD.;i.IiX3.0 

IX  TO  110 

28  IF   (3.EQ.0.AND.G.SQ.0..'UID.F.3Q.l.AND.P.EQ.0.AIID.3.SQ.l.AJ'TD.IT.EQ.O, 

IX  TO  112 
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TABLZ  1$    (cont'd.  ) 


29   IF   (B.EQ.C./aiB.C..'^Q.C.;-J'^D.r.^Q.l.Ai;D.P.2(;.O.A:iD.3.BQ.O.Al'JD.lI.3Q.l 
IGD  TO  im 

IGO  TO  116 

31  IF  (3.SQ.0.Ai:D.C.;XJ.C..\::Do^'„.X2.n.A].:D.F.DQ.l.AI.T:).S.ZQ.0.Alir.'I.3Q.l 
IGO  TO  118 

32  IF  (B.ZQ.O.A:!D.C.!'Q,r...\::D.^.3Q.O.A]:D.F.3Q.O.AND.3.nX5.1.AIID.'I.nQ.l 
IGO  TO  120 

33  IF  (B.F.Q.l.A]ID.C.:-/:>.l.;iID.^.2Q.l.A:;D,P.EQ.^'.AlJD.S.3Q.r;.AlID.:I.:iX?.0 
IGO  TO  122 

3h  IF   (B.3Q.1.A::D.:.^:Q.-!  .A:JD.r.:CQ.P.A^J).F.^Q.l.AND.3.7Q.O.AiID.;:.I:;Q.O 
ITi  TO  12h 

36  IF   (?.-^Q.l.il.ID.:.3:j.l...U:D.;'.ZQ.C.A:nD.F.3Q.n.AND.3.3Q.l.A::D.-:.SQ.O 
IGO  TO  126 

37  IF   (B.3Q.1.A:ID.-:.EQ.1..AITD  F.3Q.0.AI^tD.F.3Q.C.AITO.3.F,Q.0.AJIB.;I.3Q.1 
IGO  TO  126 

38  IF   (3.:;Xi.l.^lD.C.EQ..  .iJTD.-'.^.l.Ai:D.r.EQ.l.AIJD.S.3Q.0..'U:D.'I.FC'.0 
IX'  TO  130 

39  IF  (B.3Q .1  .kinj.2 .ivo .c . a:td.-^..x: .i .aiid.p .sq/:  . a:jd.3 .-^q .i . wid .t.sq.o 

IGC.  TC  132 
ho   IF   (L.3Q.l..eJD.:,3Q.',..;i:D.^\.'^.l.A]:D.F.SQ..j.AivD.3.35.'  ..yffi.':.3Q.l 

IX  TC  13;, 
)a   IF   (B.i;Q.l..ii::D.C.3Q.0.MD.^.-^C.-.A:T.I.FQ.l..y-.T.3.FQ.l.,'j:D.  :.3Q.'^' 

IX  TO  13.; 

IX  TC  13  ^ 
U3   IF   {3,'X .1  .AIu) .  :.oQ .0 ./u^^-D.F.BQ .C .AIID.F  .ZQ.C  .AI'ID  .3 .jIQ .1. /l"D .'i.  3Q.1 
IX  TO  ll'^ 

I^  IF  (2.:i:Q.:).A:cD.'..3Q.i.Ai^D.".:iQ.i.-v::D.r.3;.i.A:j3.3.ZQ.r'.AijD.-;.3Q.o 
IX  TO  lU: 

Ij?   IF   (3.3Q.  ^.A]iD.:.3Q.l.AIJD.  ^AQ.l.A:'D.F.;;Q.\A;:r.3.3Q.l.AIID.  ;.3Q.C 

IX  TC  lliU 
h6   IF   (3.:5Q.G.A::D.:.3Q.1..\I:D.F.3Q.1.>JT.F.3C.0.AITD.3.3Q.'''.A1ID.  '.3Q.1 

IX)  TO  II6 
hi    IF   (B .3Q .0. Alir .C .EQ .1 . .\IID.-^.3Q .0 . AITD.r  . 3Q .1  ..^ID.3 .3Q .1 . A\T1.  I.3Q .C 

IGC'  TO  lljF 
hS  IF   (B.EQ.0.A>3.-:.lCQa.^'ID.F/3Q.C.;^;D.F.3Q.l.A.\T..3.3Q.o.A::D.'I.ii;Q.l 

IX  TC  1^0 
U9   IF   (3.EQ.O.A::D.C.T33.1./^':D.''f\3Q.C.A:S.F.3Q.,-.AIJl,3.3Q.l.AinD.;;.FQ.l 

IX  TC  13'2 
:'0   IF   (3.3Q.0..i:T.3.30.'-..'V:'^.".3Q.l.A:nD.F.3Q.l.AIJD.3.3Q.l.Airo.'I.FQ.C 

ick:)  TO  1% 

<1   IF    (-^.EQ.0.ATJD.C.3Q.C.AFD.F.FQ.l.A'rD.F.EQ.l,AMD.3.3Q.0.AI]D.n.EQ.l 

ICtO  to  1^6 
.^2   IF   (.•^.EQ.O.A:D.3.EQ.O.AND.F.SQ.l.A?n3.P,EQ.O.AHD.3.EQ.l.Airo.I!.EQ.l 

IX  TO  158 
$h  IF   (B.EQ.0.A'ro.C.EQ.0.A];D.F.EQ.n.AI'D.F.EQ.l.A:iD.3.3Q.l.Al)D.H.EQ.l 
IX  TO  160 
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TA3LZ  15   (cont'd.  ) 


56  IF    (3.EQ.l.A::B.C.^Q.l.A::D.F.'JQ.l.-V:D.?."Q.l..\I.-D.3.oQ.O.Ai:D/!.rX2.0) 
IGO  TO  162 

57  IF   (B.SQa.AJ--D.C.5X;j..AIJD.^.3'l.l.jVI.nD.r.'^Q.0.AITD.S.3Q.l..\m).H.liX3.0) 
IGO  TO  16U 

58  IF  (D.SQ.i.A:-:i3.c."Q.i..^^iD.7.::Q.i.Ai-iD.F.':;Q.c.;jrj.3.T^.c..ii:D.  :.x.i) 

IGC'  TC  166 

59  IF   (3.3Q.l.A:iD.C.EQ.l.A;!D.F.FQ.e.A};D.P.33.1  .MIB.S.2Q.l.A>ro.:i.32.0) 
IGO  TO  168 

60  IF   (B.FQ.l.A]-ID.C.FQ.l.AinD.F.!i;Q.0.AI'JD.F.3Q.l.MI),S.3Q.C.Al'JD.H.EQ.l) 
IGO  TO  170 

61  IF   (B.SQ.l.Airo.C.ir,.0.Ar:D.F.F/3.L»A:n:'.P.3Q.l.AI'.T).3.2Q.l.AlII)/\^^Q.C) 
IGO  TO  172 

62  IF   (P.EQ.1.A:D.:.FQ.    ..\Irt}.F.^Q.l,AriF.P.FQ.l.A:3.J.3Q.0.A:'ID.Ii.liQ.l) 
IGO   TC  171; 

63  IF   (3.iQ.l.AlID.3.3Q.l.Ai:D.F.33.C.AIJD.P.FQ.::.ATID.3.!;X^.l.Airo.;i.SQ.l) 
IGO  TO  176 

61;  IF   (B.3Q.l.^:T,.:.3Q.0.A.\'D.F.3Q.e.AI«ID.F.3Q.l.A]'JD.S.3;Q.l.A!ID.H.EQ.l) 
IGO   TC   173 

6$  IF  {2.EQ.o.Aim.o.i^,i.Ai:B.?.:x,.i,x:D.?.7A.i..MiD.3.::Q.i.Aiii:  ;i.35.o) 

ICO  TO  iCO 

66  IF   (F.SQ.C.Aj-D.C.-^.T.AiyF.    .  X.l  ..UT.F.^0.1  .A]n?.:.F'^.C.  A'^F.'I.FQ.C) 
IX   Tl.  1'2 

67  I?   (B.EQ.J..^n).-;.FQ.l.-«r.F.33.1.i'L^:D.F.FC.0.A:jr.3.FQ.l.AI]!D.;i.FQ.l) 
IGO    TO   li"|; 

68  IF   (F.:CC.0.AFD.:.-]Q.0.A:n^.-.2Q.l.^:D.F.3';.l..^D.3.FQ.I.A::F.::.FQ.l) 
IGO  TC  1P6 

69  IF   (3.;3Q.0.jli\'D.:.D5.1..^IF.-.3Q.'  .,\I'nD.r.2Q.l.AND.3.FQ.l.A.^n).::.FQ.l) 
IGC  TO  1?."] 

70  IF  (b.2q.i.ai:d.-.];q.'\aj:d.^'.fq.i..i:cd,t.fq.c.;M:f.3.30.i.a:f?.f.3q.i) 

IGO  TO  If'O 

71  IF   (E.72.1../u.'D.  ..FQ.l..\:iD.F.FQ.l.A:nD.r.3Q.l..Mrc.3.3Q.l./JID.:i.FQ.C) 
ICO  TO  192 

72  IF   (B.FQ.l.Ai:D.':.3Q.l.;\IIF.:^.FQ.l.i^nJ.P."lQ.l.A::D.3.FQ.C.AIJD.H.FQ.C) 
IGO  TO  IS^I; 

73  IF   (D.FQ.l.^F).3.FQ.j~.AlII;.F.FQ.l.A:3.F.FC:.l.A:n3.3.FQ.l.A::D.;i.FQ.l) 
IGC^  TO  i:'5 

7li  r-^  (B.'Xi.i.A:;D.3.;^.i.A:;F.^.'x^.i.Ai:D.F.:^;:.A::i).3.3Q.i.AiF3.;i.zQ.i) 

IX  TO  19''^ 

75  IF  (3.2Q.i.Ai;r.::.FQ.i.A::D.F.FQ.c.A:-F.p.Fo.i.Arro.s.3Q.i.A::D.::.Fo.i} 

IGG  TC   200 

300  IF   (F.EQ.O.Ai;F.3.EQ.l.A:i;.F.':Q.l.AinD.F.FQ.l.Ai;O.C.3Q.l.A:;D.{.FQ.l) 
IFO  TC   202 

301  IF   (B.FQ.l.A:;F.:.FQ.l.A:iD.F.X.l.A:aD.P.FQ.l.AFD.3.FQ.l.A::D.::.FQ.l) 
IGO  TO   20ii 

76  30  (I,J)-   BO  (I,J)+1 

77  GO  TO  1 

78  CO  (I, J)-   CO  (I,J)-1 

79  GO'  TO  1 
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:A3Jr.  15    (cont'd.) 


UO   r& 

(I,J)= 

Iv..' 

/  — 

.;;a 

81  GO 

TC 

82  FO 

K) 

(I, 

.1)^-1 

33  GO 

TO 

1 

8Ii  so 

(I,J)= 

30 

(I, 

J)+1 

35  GO 

1 

36  GO 

(I,'T)= 

00 

(I. 

.T)+l 

87  GO 

TO 

1 

63  no 

(I,J)= 

-AG 

(I, 

jyi 

89  GO 

TO 

1 

90  Jf) 

(I,J)= 

J.^ 

(I, 

rhi 

91  GO 

TO 

1 

92  BC 

(I,J)  = 

PC 

(I. 

J)-M 

93  GO 

TO 

1 

91;  3i' 

(:,•")= 

n? 

(I. 

•:)^i 

95  GO 

TO 

1 

96  BF 

(i,')= 

BF 

(I, 

j).-i 

97  GO 

Tr 

] 

98  33 

3.S 

(I, 

■i)+i 

99  GC 

?•_'> 

J 

100  d:: 

(1,0- 

?:.' 

(1, 

j)+i 

ICl  .X 

ro 

1 

102  or 

3'-'' 

(I, 

.j)+i 

103  X' 

?c 

■1 

lOU  CF 

(I,J)= 

CI 

u, 

105  .'x 

TO 

1 

106  c:: 

(I,T)^ 

OS 

(I. 

0-1 

10?   &'. 

TO 

1 

108   C. 

vl,J)= 

•~/*  i. 

(^3 

0-^ 

109  CO 

?c 

1 

110  iT 

(I,J)= 

^ 

(I, 

•0^1 

111   :X 

TO 

"! 

11^  :'3 

7t    -^= 

:  O 

(I, 

,->! 

113  GC 

TC 

1 

111;  TA 

hy^h 

K! 

(I. 

J)+l 

115  oc 

TC 

1 

F3 

(I. 

.;)+i 

117  CO 

TO 

1 

118  f;: 

a,j)= 

r:^ 

c^-. 

j)+i 

119  'X) 

TC 

1 

120  s;: 

(i,j)= 

3:i 

(I. 

j)+i 

121   GC' 

TC 

1 

122   BCF 

liyj> 

(I. 

•:)+i 

123   X 

J. '  ■ 

"1 

12U  I^CF 

(i,j)= 

"i")  r 

(I. 

J)-i 

125  CjO 

TC 

1 

126  303 

(i,j)= 

303 

(I. 

j)-i 

127  r/j 

TO 

-\ 

i 
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lA3L7  1^    (cont'd.) 


128  BCH        (T,J)-   3Ci        (I,J)-^1 

129  «.X  "C  1 

130  3^        (I,J)=   3^-        (I,J)+1 

131  3C'  ?C  1 

132  3F3        (1,0=  3FS        (T,J)+1 

133  C»  TC  1 

13i;  BFH       (I,J)=  3"a       (I,J)+1 

135  ^TO  TC  1 

136  3P,S        (T,J)=   BFS        (I,J)+1 
':37  iX   '^'"'  1 

138  5P-     '(i,J)=  EP;i      (i,J)+l 

13?  r   TO  1 

lllO  3C.-[        (I, J)-   23.i       (I,J)>1 

Ihl  X  TO  1 

ih2  :ff       (I, J)-  CIT^       (l,J}+i 

ll'.3  GO  TO  1 

i:x  cFs     (T,j)=  "Fs     (i,:)*i 

ili5  :^  t:  1 

Hi  -I  (I,J)=     CF:i  (I,J)+1 

lit?  X   TC   1 

ili8  lis      (i,.J)=  OPS      (r,')^i 

1L9  l<.)  TO  1 

i?o  :k:      (:,j)-  :r.;      (i,,:)-i 

1?1  GC'  TC-  1 

152  cs:i      i^,:h  cs.i      (t,-0^i 

1<3  dc  TC  1 

1<U  ^3       (I,T)-   FT-:       (I,J)+1 

155  'JO  TC   1 

156  FPH        (I, J)-    !T;I        (I,J)+1 

157  GO  TC  1 

158  "s;{      (:,j)^  Fs:;      (i,J)^i 

159  GO  TO  1 

i6o  FSH     (I, J)-  rs":     (i,J)+i 

101  GO-  TO  1 

162  EGFP      (I,J)=BCFP-       (I,J)+1 

163  GO'  TO  1 

l6lj  3GF3      (I,J)=   B'-lFS      (I,J)+1 

165  GO  TO  1 

166  PCF"      (T,J)-    3CF,i     (I,J)+1 

167  GO  TO  1 

168  RCP3      (I,J)=   "GP3      (I,J)+1 

169  GO  TO  1 

170  BCPH      (I,J)=   BGPil     (I,J)+1 

171  GO  TO  1 

172  EFP3      (I,J)=   3FPS      (I,.J)+1 

173  GO  TC  1 

17.1'  3FP::      (I,J)=   3^1     (I,J)+1 

175  GO  TO  1 
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TAPL'^  1?    (corf.-:.) 


176  3CSII     (I^JV  ECS:i     (I,J)+1 

177  GC  TO  1 

17B  BF3;:     (I,J)=  BPS.'i     (T,J)+1 

179  GO  TO  1 

180  CFPS      (I,J)=   C:-T5      (I,J)+1 

181  CO  TO  1 

182  GFFII      (I,J)=   CFFH      (l,J)-^l 
133  GO  TO  1 

iBli  orsH    (i,J)=  GFs::    (i,j)+i 

l3i^  GO  TO  1 

186  FPSi:    (I, J)-  vrr.'    (i,j)+i 

187  'X  TO  1 

188  CPS-'      (T,J)-    G!^H      (I,J)-^1 

189  GO  TO  1 

190  ::F3H      (T,J)=   BF3-:      (l,J)+I 

191  '3^"i  TO  1 

192  5CFPS    (T,J)=   .;GFF3    (I,J)+1 

193  GC   70  1 

I9h  bc-t::  (I,  0=  rcrp::  (i,J)+i 

19!^  GO   TO  1 

196  3FFSI!    (T,.J)=   PFPSrl    (l,J)+l 

197  GO  TO  1 

198  IC^G:!   (I,-I)=   3'Z^T..    (I,.:>1 

199  GO  TO  1 

200  3CF3.''  i'yJh  -^GFC;:  (l,J)-^l 

201  g:  to  1 

202  Cr^FG]   (i,.^-   :'TS-.   (I,J>1 

203  V   Tr  1 

20li  Bc;-T3'T(^,j)=  PC "P3;  1(1,  On 

20^^  GC^  TO  1 

206.  VPIT-^  (6,208)  622 

207  '•"ITF   (.',209)   PC,0C,;^\F0,Or,3r,  r,I/,,BC,^'^','::p,P3.D  i,':F,GF,33,C;i, 


lPGFS:f,'::'TS:I,?CFP3':  623 

206  for:-:at  (c:iPA-x  i,5;x,6;ta-:::  i,f^7,6;tapi:  2,?",6-{fahk  2,?x,6:iPARK  3, 

l^",6-TAPPJ\   3/6'T^-^^  l,:-I,6-r{yA'd  2,?X,6'fV^R  l,:':{,6;IYFAa  2,!;X, 

l6frfFAP  1,<J,6<.T?AR  2) 
209   FORMAT    (6(I5,6X)) 
UOO  STOP 
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TABLE  I5    (cont'd.) 


$DATA 

3HCUTICN 

FAHK  1 

PARK  1 

PAPJC  2 

PArOC  2 

pa;-t:  3 

PARK  3 

YEAR  1 

Y7AR  2 

I-aAR  1 

\-ZAF:  2 

YEA-^.  1    . 

TEAR  2 

U52 

57C 

153 

359 

185 

420 

130 

216 

79 

101 

lU 

17 

107 

328 

36 

108 

13 

8 

26U 

2lO 

91 

129 

32 

92 

239 

13li 

69 

95 

1;0 

63 

toi 

23 

199 

300 

2 

119 

^ 

12 

0 

c 
0 

0 

J. 

107 

535 

62 

281 

61jO 

lOOli 

U9 

'.6 

30 

29 

10 

25 

139 

1S7 

28 

71 

6 

0 

279 

Si 

100 

85 

69 

109 

109 

25 

51; 

\x3 

9 

25 

0 

1 

0 

0 

0 

2 

C6 

109 

19 

35 

0 

0 

V 

7 

3 

3 

6 

1 

117 

6 

PC 

V! 

0 

6 

6 

2 

"0 

0 

0 

U2 

U3 

11 

17 

1 

0 

13 

1 

~  T 

13 

0 

0 

0 

1 

^G 

0 

0 

0 

375 

9 

216 

131; 

1 

7 

2 

t; 

^ 

1 

2 

1 

0 

0 

1 

2 

•J 

0 

ho 

31 

15 

11 

Q 

0 

10 

1 

0 

1 

p" 

0 

)40 

i; 

3li 

6 

2 

0 

h 

1 

0 

0 

0 

0 

U2 

11 

17 

9 

1 

0 

3 

1 

1 

0 

r* 

0 

0 

0 

0 

0 

0 

122 

VJ 

98 

26     ■ 

0 

9 

JL 

0 

1 

0 

0 

6 

6 

0 

X 

0 

0 

97 

6 

5'-4 

21 

1 

0 

I 

2 

'0 

2 

0 

0 

16 

1 

3 

1 

0 

1 

1 

2 

0 

0 

0 

0 

27 

1 

17 

1 

1-. 

0 

0 

52 

2 

17 

11 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

13 

2 

6 

5 

2 

0 

1 

5 

0 

0 

0 

0 

I 
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TABLE  Ip    (cont'd.) 


U2 

1 

39 

U 

0 

0 

1 

0 

1 

0 

0 

0 

10 

0 

1 

0 

0 

1 

0 

1 

c 

0 

0 

0 

21 

1 

11; 

0 

2 

1 

0 

0 

0 

0 

0 

0 

7 

0 

3 

0 

0 

0 

2 

0 

2 

1 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15 

1 

20 

2 

0 

0 

5 

0 

0 

0 

n 

0 

3 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

]_ 

1 

0 

0 

12 

0 

7 

1 

0 

0 

2 

0 

0 

0 

G 

0 

7 

T 

p 

-^ 

c 

0 

U 

0 

c 

0 

0 

0 

■:x5CUTio::  T^^Tir.'ATSD  3'  ':all  'zxn- 

UIiO  Lr;=s  C'TJ-JT. 

$PAur^5  :«:3  jobs  to  folk^" 

0F2?:.  actio:!  paus:' 
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APF3iCIX  C 

TABLE  16 

'■'ORKS^n:^  70^:  ?   IF  Pni^DTCTIC'JS 


Park  Desija  Year 


1r  ir 

i  A 

Distance    (Trip  ^i^te  From    Population 
County  ("b.-id  I'ilcs)    Figure  2?)     (in  Thousands)  =  .Innual  Trips 


:>' 


6. 


( . 

r. 

0. 

9. 
10. 
11. 
12. 
13. 
ll. 
15. 
16. 
17. 


Annual  Trips,  Inl.cr'-7ening  Park 


i 


106 


TA3LZ  17 

IvCfiKSHEST  FOR  TPIP  PREDICTIONS 
CLOSEST   PARK 


Park  Design  Tear 


I  I 

(Trip  3s.te  Fron         Population 
County     (load  Ililes)         Figure  28)  (in  Thousands)     =     Annual   Trips 


3. 
h. 

5. 
6. 

7. 
8. 

9. 

10. 

1 1 

—  J-  « 

12. 

13. 
Ih. 
15. 
16. 

17. 


Annual  Trips,  Closest  '^srk; 
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TABL!]]  18 
i;OHK3I{E!5T  FCR  TCTAL  AJHIUAL  TI-OPS 


P^-rk  Design  Year 

Annusl  trips,   closest  park  = 

Annual   trips,   intervening  paric  = 


Sumination  of  Annu?l  trips,   closest  and 

intex"/ening  parks  = 

Total    'iirmal  Trips  =  Suimjiation  of  Annual  Trips 

X  1.20 

Total  Annual  Trips  =  x  1.20 
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FIGURE     33 
TOTAL      TRIPS       TO       CLOSEST       PARK 


*  ,'., 


109 


1000 


100 


5 

-I 

3 

a. 
o 
a. 


o 
o 
o 


cr 
a. 

a. 


10 


1,0 


0.1 


y 

\ 

\ 

\ 

\ 

\ 

> 

V 

\ 

\ 

-( 
Y  =  129   e 

3.488X 

- 

> 

\ 

1 1 

— V 

\ 

V 

\ 

\ 

\ 

\ 

\ 

\ 

k 

\ 

\ 

\ 

\ 

\ 

^ 

V 

\ 

— 1 

\ 

\ 

DISTANCE      (MILES) 


FIGURE      34 
TOTAL      TRIPS      WITH      INTERVENING     PARK 
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Judson  S.   Matthias  was  bom  October  6,   1931  in  Schofield  Barracks, 
Hawaii.     Ife  attended  high  school  at  Institut  auf  den  fbsenberg,   St. 
Gallen,    Switzerland,   and  was  graduated  from  V/ashington-Lee  High  School, 
Arlington,   Virginia . 

He  entered  the  United  States  Military  Academy  in  19^0  and  received 
his  B.S.   in  19^1i  and  was  coirunissioned  a  Second  Lieutenant,  United  States 
Army.     ?fe  received  liis  M.S.   degree  in  1963  from  Oregon  State  University. 

In  1961,   he  was  a  graduate  teaching  assistant  in  the  Department  of 
Civil  aigineering  at  Oregon  State  University  and  in  1962  he  was  appointed 
an  instructor  in  that  department.     Since  196Ij,   he  has  been  an  Instnactor 
at  Purdue  University.      He  completed   the  coursework  required  for  the  Ph.D. 
in  the  School  of  Civil   ^ihgineering  at  Purdue  University  in  I966. 

He  is  a  registered  professional  engineer  in  the  State  of  Indiana, 
an  associate  member  of  the  AmerrLcan  Society  of  Civil  Engineers,   a  member 
of  the  Paixiue  University  Chapter,    Institute  of  Traffic  Engineers,   and  a 
member  of  the  T  rofessional  Engineers  of  Oregon.      He  is  a  member  of  Sigma 
Xi  honorary  organization. 
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